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Employment Service to Members 


During the past several years the Institute office has endeavored 
to secure positions for Institute members. The Board of Direction of 
the Institute at a recent meeting decided that this service should be 
expanded in order to serve the membership more effectively. 

Beginning with the February, 1930, issue an advertising page of 
“Engineers Available” will be published. This page will be available to 
members of the Institute only. In it will be listed the qualifications 
of members seeking employment, including age, education, past experi- 
ence, and an indication of the nature of work desired. Members inter- 
ested in placing an advertisement in this section should communicate 
with the Secretary of the Institute for a copy of the employment form. 
Advertisements will be published at cost, $2.00 per insertion per 
month. 

Forms for this advertising page will close on the 20th of the month 
preceding the date of publication. That is, as an example, the Institute 
office must receive the “employment form” properly filled in_by the 
20th of January for insertion in the February issue. 


December Meeting of Board of Direction 


A meeting of the Board of Direction of the Institute was held on 
December 4, 1929, in the Institute office, 33 West 39th Street, New 
York. The following Board members were present: J. Н. Dellinger, 
acting chairman; Melville Eastham, treasurer; John M. Clayton, sec- 
retary; R. A. Heising, J. V. L. Hogan, L. M. Hull, R. H. Manson, and 
R. H. Marriott. 

The Board transferred Colonel A. G. Lee to the grade of Fellow in 
the Institute, and J. A. Willoughby and J. B. Coleman to the grade of 
Member. 

Ninety-nine Associate and ten Junior members were elected. 

J. C. Jensen, of Nebraska Wesleyan University, was appointed 
alternate to J. H. Dellinger, as the Institute’s delegate to the annual 
meeting of the American Association for the Advancement of Science, 
held in Des Moines, Iowa, in the latter part of December. 
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Civil Service Examination for Assistant Inspector 


The U. S. Civil Service Commission announces an open competitive 
examination for the position of assistant inspector (radio enforcement), 
$2,400 a year salary, to be held at a number of civil service boards 
throughout the U. S. Members interested in making application for 
the examination should communicate with their local postmaster or 
the United States Civil Service Commission, Washington, D. C., re- 
ferring to the above title, requesting form 2600. Applications must be 
filed with the Commission by not later than J anuary 21, 1930. 


Institute Meetings 


Eastern GREAT LAKES DISTRICT CONVENTION 


On November 18th two hundred and fifty Institute members 
assembled at the Sagamore Hotel, Rochester, to take part in a two- 
day District Convention, the first of its kind ever held by the Institute. 

The program included three inspection trips to manufacturing 
plants in Rochester, the presentation of seven technical papers, a 
banquet, an exhibition of parts from some forty radio manufacturers, 
and provided an opportunity for members to meet each other апа en- 
gage in frequent lengthy and informal discussions. 

The convention was an entire success, due to the splendid соорега- 
tion between the Rochester, Toronto, Buffalo-Niagara, and Cleveland 
Sections of the Institute. A good portion of the work involved in organ- 
izing and carrying on the convention fell upon the Rochester Section 
members who were ably assisted by the Rochester Engineering Society, 
particularly the executive secretary of the latter, O. L. Angevine. 

The program was as follows: 

Sunday, November 17th: registration. 

Monday forenoon: registration; opening technical session, includ- 
ing address of weleome, by Earl C. Karker, chairman, Rochester 
Section; ^What Engineers Expect of Executives," by I. G. Maloff, 
Valley Appliances, Inc; “Considerations in Screen-Grid Receiver De- 
sign,” by W. A. MacDonald, Hazeltine Corporation. 

Monday afternoon: inspection trip to Kodak Park and Valley 
Appliances, Inc. 

Monday evening: “Television with Cathode Ray Tube for Re- 
ceiver,” by V. Zworykin, Westinghouse Electric and Manufacturing 
Co., and “Ultra High-Frequency Transmission and Reception,” by 
A. Hoyt Taylor, Naval Research Laboratory. 


CHAIRMEN OF THE EASTERN Great LAKES District CONVENTION 
CoMMITTEES 


These members were responsible for the direction of the work of the several 
committees of the recent District Convention of the Institute in Rochester,N.Y. 

From left to right, standing, are: H. E. Gordon, finance committee; A. R. 
Barfield, secretary of the section; A. L. Schoen, chairman, trips committee; A. 
E. Soderholm, chairman, registration committee; E. C. Karker, chairman, en- 
tertainment and reception committee; L. Grant Hector, vice-chairman, executive 
committee; R. A. Hackbusch, chairman, publicity committee; Howard Brown, 
entertainment and reception committee; A. T. Haugh, toastmaster at banquet. 

Seated from left to right: I. G. Maloff, chairman, exhibits committee; R. H. 
Manson, Board of Directors, Rochester Section; Virgil M. Graham, chairman of 
executive and technical papers committees; V. б. Smith, registration committee; 
Harvey Klumb, chairman, finance committee. 

There are missing from this picture J. А. Victoreen, chairman of the fellow- 
ship committee; J. Eichman, chairman, transportation and accommodation 
committee; Mrs. О. L. Angevine, chairman, ladies’ entertainment committee, 
and O. L. Angevine, registration secretary. 
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Tuesday morning: “A Broadcast Receiver for Use in Automobiles,” 
by Paul O. Farnham, Radio Frequency Laboratories; “Standardiza- 
tion in the Radio Vacuum-Tube Field,” by W. C. White, Research 
Laboratory, General Electric Company; “New Developments in Dir- 
ect Coupled Amplifiers,” by E. Н. Loftin and S. Y. White, Loftin- 
White Laboratories. 

Tuesday noon: joint luncheon with Rochester Engineering Society ; 
speech by W. Roy McCanne, Stromberg-Carlson Telephone Manufac- 
turing Company. 

Tuesday afternoon: inspection trip to Stromberg-Carlson plant. 

Tuesday evening: banquet at Sagamore Hotel; Arthur Haugh, 
toastmaster; “The Engineer in the Radio Industry," by Н. B. Rich- 
mond, president, Radio Manufacturers’ Association; short talks by 
prominent Institute members. 

A special program for the ladies included luncheon at the Blarney 
Stone Inn, a bridge, dinner at the Sagamore Hotel, theater party at 
the Eastman Theater, a shopping tour, and a trip to many places of 
interest in Rochester. This program was arranged by a committee un- 
der the able direction of Mrs. O. L. Angevine. 


Addresses Before Sections by Arthur Thiessen 


During the month of November, Arthur Thiessen, of General Radio 
Company, Cambridge, Mass., presented a paper, “Accurate Testing of 
Audio Amplifiers in Production,” before eight sections of the Institute. 
The meetings were arranged as follows: 

Toronto Section in Electrical building, University of Toronto, Nov- 
ember 13th. V. G. Smith, chairman of the section, presided. Seventy- 
hine members of the section and their guests attended the meeting. 
The paper was discussed by Messrs. Parson, Laurie, Hackbush, Angus, 
Patience, and others. 

Buffalo-Niagara Section at the University of Buffalo, November 
14th. L. Grant Hector, chairman of the section, presided. Fifteen 
members of the section were present. The paper was discussed by 
Messrs. Lidbury, Henderson, Chamberlain, and Hector. 

Detroit Section, November 15th. Sixty members were present. No 
report received. 

Cleveland Section, at Case School of Applied Science, November 
20th. Bruce W. David, chairman, presided. Thirty-five members of 
the section were present. 

Cincinnati Section at the Cincinnati Club, November 19th. R. H. 
Langley, chairman, presided. Fifty members of the section and their 
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guests were present. Messrs. Langley, Felix, Kilgour, Roberts, Austin, 
and Richmond participated in its discussion. 

Pittsburgh Section at Utility Hall, Duquesne Light Company, 
Pittsburgh, November 22nd. L. A. Terven, chairman of the section, 
presided. The attendance was twenty-two. Messrs. Mag, Koch, Ter- 
ven, Cunningham, Haller, Allen, Sunnergren, and Stayer discussed the 
paper. 

Washington Section at Continental Hotel, November 25th. C. B. 
Jolliffe, chairman of the section, presided. Thirty members attended 
the meeting. Messrs. Robinson, Stewart, Jolliffe, and others discussed 
the paper. 

Connecticut Valley Section at Springfield, Mass., November 29th. 
No report received. 


Los ANGELES SECTION 


At а business meeting of the Los Angeles Section, held in November, 
the following officers of the section for the 1930 season were elected: 
chairman, T. C. Bowles; vice-chairman, James M. Chapple; secretary- 
treasurer, Charles S. Breeding. 

Members of the Board of Direction of the section were elected as 
follows: chairman, T. F. McDonough; B. M. Fox, A. J. Edgecomb, 
H. W. Anderson, and the officers of the section ex officio. 


New ORLEANS SECTION 


The New Orleans Section held a meeting on November 23rd at 
Tulane University, New Orleans. Pendleton E. Lehde, chairman of the 
section, presided. 

R. W. French, engineer with the New Orleans Public Service Cor- 
poration, presented a talk describing the activities of various public 
utilities in locating and correeting radio interference caused by their 
equipment. Statistics were presented showing a percentage of trouble 
due to various types of equipment, and steps that were taken to correct 
these troubles were outlined. 

Twenty-five members and guests attended the meeting. 


New York MEETING 


The regular monthly meeting of the Institute in New York City 
was held on December 4, 1929, in the Engineering Societies Building, 
33 West 39th Street, at 7:30 P. м. 

Five papers on various phases of aircraft radio problems were pre- 
sented in fifteen-minute abstracts. The papers were as follows: 

1. “Development of the Visual Type Airway Radiobeacon System,” 
by J. H. Dellinger, H. Diamond, and F. W. Dunmore, all of the Radio 
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Section, Bureau of Standards, Washington, D. C. This paper was 
presented by Dr. Dellinger and is summarized as follows: 


This paper summarizes the experimental work carried on by the 
Bureau of Standards on the development of a radiobeacon system for guid- 
ing aircraft, using visual course indication. Descriptions are given of the 
beacon transmitting system (two-, four-, and twelve-course types), the re- 
ceiving system for use aboard airplanes, and special adaptations of the bea- 
боп system for facilitating landing in fog. 


It is expected that this paper will be published in a fortheoming 
issue of the PRocEEDINGs. 

2. "Temperature Rating of Wind-Driven Aireraft Radio Genera- 
tors," by C. B. Mirick, U. S. Naval Research Laboratory, Bellevue, 
D. C., was presented by Mr. Mirick. The paper was published in the 
December, 1929, issue. 

3. “On the Daylight Transmission Characteristics of Horizontally 
and Vertically Polarized Waves from Airplanes,” by F. Н. Drake and 
R. M. Wilmotte, Aircraft Radio Corporation, Boonton, N. J., was 
presented by Mr. Wilmotte. The paper was published in the Decem- 
ber, 1929, issue of the PROCEEDINGS. 

4. “Applying the Visual Double-Modulation Type Radio Range 
to the Airways,” by H. Diamond, Radio Section, Bureau of Standards, 
Washington, D. C., was presented by the author. This paper was pub- 
lished in the December, 1929, issue of the PRocEEDINGS. 


5. “Measurement of Aircraft Antenna Constants,” by L. A. Hy- 
land, U. 8. Naval Research Laboratory, Belleuve, D. C., was given by 
the author, and was published in the December, 1929, issue. 

In the absence of President Taylor, R. H. Marriott presided at the 
meeting which was attended by two hundred and fifty members and 
guests. 


PHILADELPHIA SECTION 


On December 3rd the regular monthly meeting of the Philadelphia 
Section was held in The Franklin Institute. R. L. Snyder, chairman 
of the membership committee of the section, presided. 


Two papers were presented as follows: “A Summary of Progress 
in the Study of Radio Wave Propagation Phenomena,” by G. W. Pick- 
ard and G. W. Kenrick, and “Ions in the Upper Atmosphere,” by E. O. 
Hulburt. Prof. Kenrick presented the former paper, which is summar- 
ized as follows: 
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А survey from the inception of the art to the present day of radio 
transmission studies was made. Particular emphasis was placed upon the 
developments in the subject during the last year, including important de- 
velopments both in America and Europe. A critical survey of important 
recent papers on short-wave direction finding and the Kennelly-Heaviside 
layer was made and their results critically reviewed and discussed. The 
results of recent as yet unpublished work were also presented. 


This paper is to be presented at а meeting of the Institute in New 
York City on January 8th, and will be published subsequently in the 
PROCEEDINGS. 

The second paper is summarized as follows: 


In order to explain the variations in the earth's magnetism the ioniza- 
tion in the levels of the atmosphere from 80 to 150 km is assumed to be 
predominantly ions, rather than electrons. The ion densities for day and 
night all over the earth are calculated, and agreement is found with the 
absorption and downward reflection of the longer wireless waves, as far as 
the facts are known. 

The sunset longitude of the earth comes out to be about 2000 volts 
positive with respect to the sunrise longitude. Due to the crossed electric 
and magnetic fields, the ionization above 150 km rises at night. This reduces 
the rate of disappearance of the electrons in the high atmosphere and se- 
cures agreement with the night-time skip distances. 


Both papers were discussed by Messrs. Earnshaw, Synder, Goodall, 
Darlington, and others. 
Forty-two members and guests attended the meeting. 


ROCHESTER SECTION 


Periodically during the past several years the Rochester Section has 
provided programs for Tuesday noon luncheons of the Rochester En- 
gineering Society during one month of the year. During December, 
1929, among other meetings the section furnished luncheon speakers 
as follows: 

December 3, “Present and Future Trends in Radio," by R. H. 
Manson; December 10, “1917 in St. Petersburg," by I. G. Maloff; 
December 17, *Eoórnis Pterovelox Gobiensis," by Arthur T. Haugh. 
It is understood that the latter paper was based upon the extended 
research of the author and his associates in the Gobi desert. 

АП of these speakers are prominent in the affairs of the Institute 
and the Rochester Section. 


SEATTLE SECTION 


On November 22, 1929 a meeting of the Seattle Section was held in 
Physies Hall Laboratory, University Campus, at Seattle. Austin V. 
Eastman, chairman of the section, presided. Sixty-eight members of 
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the section were present to hear the paper, *Photo-eiectrie Applica- 
tions," by C. L. Utterbach. 

Professor Utterbach opened his talk with a brief explanation of 
atomic structure, presenting lantern slides illustrating the helium, 
lithium, and radium atoms. He then explained the action of electrons 
as pertain to light. The effect of a strong arc light on the electro- 
scope, charged both positively and negatively, was next demonstrated. 
By means of a very sensitive galvanometer the action of a photo- 
electric cell exposed to different colors of light was clearly shown. It 
was shown that the light intensity did not affect materially the emis- 
sion, but that different wavelengths, or colors, of light did affect the 
energy of photo-electric current flow. 

The speaker next explained the Wein and Raleigh-Jean curves 
showing the relation of energy to light frequency. From this point 
Professor Utterback proceeded to explain the quantum and Einstein 
theories as pertaining to photo-electric emission. 


WASHINGTON SECTION 


On November 14th a meeting of the Washington Section was held 
in the Laboratory Room, East Building, Bureau of Standards, Wash- 
ington, D. С. C. В. Jolliffe, chairman of the section, presided. 

C. F. Jenkins presented a paper, “Transmission of Motion Pictures 
by Radio.” The paper was illustrated by lantern slides showing the 
theory of television and descriptive of the apparatus used by Mr. Jen- 
kins. A historical summary of the development of television, particu- 
larly with reference to the work of the author, was given. Mr. Jenkins 
also discussed the interference caused in the immediate vicinity of a 
television transmitting station to broadcast receiving stations. 

Sixty-four members attended the dinner preceding the meeting and 
two hundred and ten members and guests уеге at the meeting itself. 
The paper was discussed by the following: A. Hoyt Taylor, В. M. 
Page, G. D. Robinson, and William F. Curtis. 


Radio Signal Transmission of Standard Frequency 
January to June, 1930 


The Bureau of Standards announces a new schedule of radio signals 
of standard frequencies for use by the public in calibrating frequency 
standards and transmitting and receiving apparatus. The signals are 
transmitted from the Bureau’s station WWV, Washington, D. C. 
They can be heard and utilized by stations equipped for continuous- 
wave reception at distances up to about 1,000 miles from Washington. 
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The transmissions are by. continuous-wave radiotelegraphy. A 
complete frequency transmission includes a “general call,” “standard 
frequency signal,” and “announcements.” The general call is given 
at the beginning of each 12-minute period and continues for about 2 
minutes. This includes a statement of the frequency. The standard 
frequency signal is a series of very long dashes with the call letter 
(WWV) intervening; this signal continues for about 4 minutes. The 
announcements follow on the same frequency as the “standard fre- 
quency signal" just transmitted, and contain a statement of the fre- 
quency. Ап announcement of the next frequency to be transmitted is 
then given. There is then а 4-minute interval while the transmitting 
set is adjusted for the next frequency. 

Information on how to receive and utilize the signals is given in 
Bureau of Standards Letter Circular No. 171, which may be obtained 
by applying to the Bureau of Standards, Washington, D. C. Even 
though only a few frequencies are received (or even only a single one), 
persons can obtain as complete a frequency meter calibration as desired 
by the method of generator harmonics, information on which is given 
in the Letter Circular. The schedule of standard frequency signals is 
as follows: 


Eastern Standard 
Time 


Jan. 20 Feb. 20 Mar. 20 Apr. 21 May 20 June. 20 
10:00 pm 1600 4000 550 1600 4000 550 
10:12 1800 4400 600 1800 4400 600 
10:24 2000 4800 700 2000 4300 700 
10:36 2400 5200 800 2400 5200 800 
10:48 2800 5500 1000 2800 530 1000 
11:00 3200 6400 1200 3200 6400 1200 
11:12 3600 1400 3600 7000 1400 
11:24 4000 7600 1500 4000 7500 1500 


Committee Work 


CoMMITTEE ON ADMISSIONS 


At the meeting of the Committee on Admissions held on November 
29, 1929, in the Western Universities Club, 11 West 53rd Street, New 
York City, the following were present: R. A. Heising, chairman; E. 
R. Shute, J. S. Smith, George Lewis, and H. P. Westman. 'The commit- 
tee considered eleven applieations for transfer or election to the higher 
grades of membership in the Institute, making favorable recommenda- 
tions on five. The committee considered the revision of a memorandum 
prepared by the 1928 committee which has been used as à basis of 
interpretation of the constitution of the Institute with regard to the 
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various requirements and qualifications for membership in the higher 
grades. 


COMMITTEE ON MEMBERSHIP 


At the November 6th meeting of the Committee on Membership, 
the following members were present: I. S. Coggeshall, chairman; F. R. 
Brick, H. B. Coxhead, H. C. Gawler, S. R. Montcalm, A. F. Murray, 
J. E. Smith, W. H. Beltz, R. L. Duncan, C. R. Rowe, and A. M. 
Trogner. 

For the benefit of the four new appointees to the committee, the 
greater part of the meeting was taken up with a review of the com- 
mittee’s activities in canvassing firms for lists of prospects. 

The committee outlined future work in securing members from the 
broadcast, transmitting, and service fields. 


COMMITTEE ON SECTIONS 


The Committee on Sections met on December 5, 1929 at 6:30 P. м. 
in the rooms of the Western Universities Club, 11 West 53rd Street, 
New York. Those present were: Е. В. Shute, chairman; D. H. Gage, 
F. P. Guthrie, C. W. Horn, C. B. Jolliffe, R. H. Langley, R. Н. Manson, ` 
Austin Bailey, H. P. Westman, and J. M. Clayton. 

The committee reviewed correspondence with members in prospec- 
tive sections. It carried on a number of routine duties in connection 
with its supervision of section activities. At the request of the Board of 
Direction, as a result of extended study of the subject, the committee 
made recommendations to the Board with regard to certain future 
section policies and the solution of some present and future section 
difficulties. 


Personal Mention 


August Hund, formerly associated with the Radio Section of the 
Bureau of Standards and more recently travelling in Europe, has re- 
turned to the United States and is now associated with Wired Radio, 
Ine., at Ampere, N. J., in charge of special research. 

John F. Morrison, formerly engineer at broadeasting station 
WKBW, is now connected with the radio development department of 
Bell Telephone Laboratories in New York City. 

John G. O'Connor has resigned from the Radio Corporation of 
America, where he has been employed as travelling inspector, to join 
the operating department of Mackay Radio and Telegraph Co. at 
New York City. 
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C. J. Paddon, of the engineering department, Electrical Research 
Products, Inc., is now installation supervisor of the Societe de Materiel 
Acoustique, Paris, France. 

Leo J. Peters, until recently in the electrical laboratory of the 
University of Wisconsin at Madison, is now associated with the Gulf 
Oil Co. at Pittsburgh, Pa. 

Captain Francis E. Pierce has been transferred from the United 
States Marine Corps to Field Officers’ School, Quantico, Va. 

R. P. Roberts has left the Phileo Storage Battery Co., of Philadel- 
phia, to become supervisor of electrical inspection of the amplifier 
department, Audio Vision Appliance Co., at Camden, N. J. 

Clarence O. Roser,recent student at the University of Wisconsin, has 
become connected with the plant supervisor’s staff, Wisconsin Tele- 
phone Co., at Milwaukee, Wis. 

Roscoe Royal is now connected with the design and manufacture of 
photo-electric and responsive devices. Mr. Royal was formerly tele- 
phone engineer at the Hawthorne Plant at the Western Electric Co. - 

W. J. Schnell has left the All American Radio Corp. of Chicago to 
become chief engincer of Electrical Research Laboratories of that city. 

Jobn 8. Starrett, formerly engineer of Nassau Radio Company of 
Brooklyn, has joined the engineering staff of International Telephone 
and Telegraph Co. at New York City. 

L. W. Wickersheim has been transferred from the toll equipment 
engineering department, Southern California Telephone Co., at Los 
Angeles, to toll systems development department, Bell Telephone 
Laboratories, New York City. 

Captain Robert B. Woolverton, Signal Corps, U. S. Army, for 
several years located at Seward, Alaska, has been transferred to Pre- 
sidio of San Francisco, Cal., as post signal officer. 


—— 9. A AA 


Part II 
TECHNICAL PAPERS 


Proceedings of the Institute of Radio Engineers 
Volume 18, Number 1 January, 1930 


REPORTS OF LR.E. COMMITTEE ON BROADCASTING 


А Committee on Broadcasting of the Institute of Radio Engineers 
was established in the fall of 1928 as a means by which the Institute 
might assist the government as well as the Institute membership in the 
solution of some of the technical problems involved in the develop- 
ment of broadcasting. Reference to the establishment of this com- 
mittee appears on page 20 of the 1929 Year Book of the Institute. 
The members of the committee are: І. M. Hull, chairman; Arthur 
Batcheller, Carl Dreher, Paul A. Greene, Raymond Guy, J. V. L. 
Hogan, C. W. Horn, R. H. Marriott, and E. L. Nelson. 

Shortly after the committee was organized, the Institute re- 
ceived a request from the then Chief Engineer of the Federal Radio 
Commission, Dr. J. H. Dellinger, that the Committee study and 
make reports on certain subjects. The committee proceeded to work 
along the lines suggested, in accordance with the letter of request, 
from which the following excerpt is given: 


“The committee can accomplish work of direct value to the Federal 
Radio Commission as well as of general value to the public by securing 
and collating engineering information on the following problems. These 
are roughly in order of urgency. 

1. Requirement of a dummy antenna for use during warming-up 
period. 

2. Location of high-power stations with respect to populous areas. My 
memorandum of October 1st is offered as a basis of discussion. 

3. Regulation of the experimental development of broadcast station 
synchronization. À suitable basis of discussion by the Committee 
would be my memorandum of October 24th, enclosed. 

4. Permissible deviation of carrier frequency from licensed frequency. 
The present regulation is given in General Order No. 7. (In this 
and а number of the other problems it will be desirable to take 
into account the possible differences of capabilities of the several 
classes of broadcast stations, and other differences such as 
simultaneity of identical programs, time division, etc.) 

5. Allowable ratio of day to night power. This should be considered 
first with respect to winter conditions; a secondary phase of the 
problem is the amount of power to be allowed in the summer 
time, both for day and for night, and possible in the intervening 
seasons as well, together with the determination of time of be- 
ginning and end of these seasons. My memorandum of Oct. 17th 
enclosed is offered as а basis of discussion. 

6. Permissible intensity of harmonics and other parasitic radiation 
intensity. 

7. Requirement as to percentage modulation, either minimum or 
maximum. Consideration of possibility of specifying side-band 
power rather than carrier power. 
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8. Fidelity of transmission, that is, the degree of accuracy with which 
the modulation of the radiated wave reproduces the program. 
“In addition to the foregoing there are a number of subjects of interest 
to the Commission, with which your committee is well adapted to deal 
and upon which definite and comprehensive information is lacking. As 
subjects for study by the committee for some months to come, I would 
suggest the following: 
I. Effective methods of power rating and radiation measurement. 
II. Service area of stations of various powers. 

III. Amount of interference at various distances for various amounts 
of radiation, for stations on the same normal frequencies and 
for stations separated 10, 20, and 50 kilocycles. 

The committee could render a most valuable service in preparing reports 
from time to time on the state of knowledge of these subjects. This 
service would be materially enhanced if the Committee’s activities could 
include the bringing about of experimental work by suitable agencies 
where needed to supplement available data.” 

The committee has been active during the past year and has now 
submitted eight reports, which, after approval by the Board of Direc- 
tion, have been forwarded to the Engineering Division of the Federal 
Radio Commission. All of the questions on which reports have been 
made up to the present time relate primarily to the external effect of 
apparatus used for broadcast transmission. The Committee on Broad- 
casting has taken the view that while the type of transmission pro- 
duced, both as to its service aspects and as to its interference aspects, 
is of important concern to the public and to the Federal Radio Commis- 
sion, neither the public nor the Commission is directly interested in the 
mechanism used at the transmitting station for producing these ex- 
ternal effects. These reports, therefore, do not go into such questions 
as apparatus design, circuit details, and methods, but are largely con- 
fined to a discussion of the results produced. 

The reports of the committee cover subjects of interest to radio 
engineers, generally and particularly to broadcast engineers, and to 
those who are interested in the technical problems involved in the 
proper assignment of frequencies to broadcast stations. The com- 
pleted reports of the committee follow. Any future reports made by 
the committee will be published in the ProcnEpinas after approval 
by the Board of Direction. 


Report No. 1. Requirement of a Dummy Antenna For 
Use During the Warming-Up Period 


For the purpose of this report a dummy antenna is defined as a 
device having all the necessary characteristics of an antenna with 
the exception that it radiates in the form of heat instead of in the form 
of radio waves substantially all the energy fed to it. 
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The use of dummy antennas has been required as & convenient 
necessity in the testing of radio apparatus for more than fifteen years. 
In manufacturing, thousands of radio transmitters have been brought 
up to the operating point on dummy antennas. Forsome years radio- 
telegraph transmitters have fed their power into a dummy antenna 
when the key was up and into the radio antenna when the key was 
down. 

The cost of а dummy antenna is small in comparison with the cost 
of a radio transmitter. It may consist of a switch, a condenser, a 
resistance, an inductance, and insulation. All of this equipment is 
available on the open market. The owner of a home-made low-power 
broadcast station can probably make a dummy antenna in keeping 
with his other equipment for as little as ten dollars. Other operators 
of broadcast stations will probably pay sums of the order of magni- 
tude of one hundred dollars for a dummy antenna for a 100-watt 
station, three hundred dollars for a 1,000-watt station, one thousand 
dollars for a 10,000-watt station, two thousand dollars for a 50,000- 
watt station. 

In many cases effective screening will be necessary; that is, it may 
be necessary to house the radio-frequency circuits in a cage or room, 
the walls of which are of good conducting material at practically all 
points. This will involve some additional cost. In some types of ap- 
paratus, it is necessary only to disconnect the radiating system to 
test without the production of interference radiation, when the appara- 
tus up to that point is screened. Some other forms of apparatus could, 
if screened, perform the same results if a resistance were inserted in 
the next to the last radio circuit, a slight shift were made in the in- 
ductance, and the antenna and ground disconnected. 

With regard to the question of interference produced by a station 
when operating on a dummy antenna or equivalent, it may eventually 
be desirable to require that the radiation under these conditions shall 
not establish a field strength in excess of a specified amount at a given 
distance. It is not now practical to specify the magnitude of this 
field strength.* 

The outstanding advantage of the dummy antenna to the owner 
of the broadcast station is that the owner may operate his entire 
plant at any time for warming-up, testing, substituting parts, varying 
loads, adjusting frequency, gauging modulation, and otherwise making 
his station suitable for transmitting. 


* Report No. 6, below, deals with this subject, 
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"Therefore it is recommended that: 


(1) A station should not radiate in such amount as will cause 
substantial interference before or after the period assigned for 
broadeasting. 

(2) If preliminary warming-up tests are necessary, these should 
be made with a dummy antenna, or its equivalent, and with 
such screening as may be required. 

(3) This does not apply to authorized experiments where elec- 
trical radiation of the energy is necessary. 

(4) A period of three months should be allowed for meeting the 
&bove requirements. 


Approved by Board of Direction 
December 5, 1928. 


Report No. 2. Location of High-Power Broadcast 
Stations with Respect to Populous Areas 


This report is directed to the specific problem of establishing the 
location of broadeast stations in addition to or replacing those 
already in service. АП considerations of interference, useful coverage, 
etc., herein are definitely limited to that populous or urban area with 
respect to which the proposed station is to be located. 

The committee emphasizes at the outset the fact that from an 
engineering standpoint every case should be considered on its individ- 
ual merits. Among the technical factors which enter into such a consid- 
eration, the following may be listed: (1) field-intensity pattern due to 
a transmitter at the proposed station site; (2) location of and coverage 
provided by other stations in the same area; (3) frequency assignments 
of all stations in this area including the proposed station; (4) dis- 
tribution and density of population in this area; (5) performance 
of the average radio receiver in this area; (6) arbitrary definition of 
the radio service which the average listener may reasonably expect 
in this area. 

It is realized that in most cases a decision must be reached without 
complete information on these points. Since it is practically impossible 
at the present state of engineering development to provide such com- 
plete information, the technical recommendations of the committee 
must necessarily be of the most general sort. 

In this report the existing practice of maintaining a frequency 
separation of 50 ke between local stations is taken as a starting point. 
Although it is well-known that the attenuation of radio waves in 
the broadeast band tends to increase with increasing frequency, and 
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that the selectivity of most radio receivers also depends upon the 
frequency, it is recommended that in the consideration of the question 
under discussion no discrimination between stations be made at pres- 
ent onthe basis of their relative positions in the broadeast band. 

The following recommendation has been made by Dr. Dellinger: 


Every station of 5 kw or more shall be “located at such a place that 
the radio field intensity at the nearest boundary of a populous center shall 
not be more than 100 mv per meter." Roughly, this means that stations of 
the following power must be located at distances not less than those 
shown beyond the city limits: 


Kilowatis Miles 
5 2 

10 2.8 

25 4.5 

50 6.3 


The committee agrees with the principle of this recommendation, 
and feels that it may in many instances be reasonably applied to 
stations of less than 5 kw. 

It is noted that no definition of the term “boundary of a populous 
center” is given in this recommendation. Auniversally applicable defi- 
nition of this term for radio purposes is believed to be impossible. 
In applying this recommendation to specific cases one important 
consideration may be taken into account. In determining the extent 
to which the 100-mv or blanketing area may encroach upon a large 
community the significant figure is not so much the density of popula- 
tion in a blanketed region as it is the ratio of total population in the 
blanketing interference area of the proposed station to the total popula- 
tion in the service area of that station. It must be recognized that a 
certain amount of such interference from any broadcast station is un- 
avoidable at the present state of the engineering art. 

With regard further to the above quoted recommendation, it is 
probable that in certain situations а field intensity greater than 100 
mv per meter can be allowed, so far as interference is concerned. This 
statement recognizes the performance of certain existing stations and 
performance of modern radio receivers. According to present en- 
gineering practice interference should be eonsidered unreasonable 
when it is produced, in modern radio receivers, by a station separated 50 
ke or more from the desired station, where the desired station normally 
gives consistently good service at the point of observation in the 
absence of such interference. 

It can be stated that the specific figures given by Dr. Dellinger 
on the minimum advisable distance from the nearest populous center 
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as related to the proposed transmitter power, while admittedly approxi- 
mate, are reasonable estimates from the engineering data available at 
the present time. Appreciable encroachments upon the numerical limits 
set forth in the above named memorandum should be permitted only 
in cases where sufficient engineering data are supplied to justify such 
departures. 

It is recommended that applicants for construction permits be 
encouraged to submit the following information to the Radio Commis- 
sion: 

(1) Location and nominal power of all other broadcast stations 
which the applicant considers to be serving the same area as 
the proposed station. 

(2) Approximate number of inhabitants within the three areas 
defined by circles centered on the proposed site and having 
radii equal respectively to 1 mile, 2 miles, and 5 miles. 

A survey of the field intensities established by an experimental 
transmitter situated at the proposed site. This transmitter 
may be of low power, but the numerical values of field in- 
tensity as submitted should be corrected to correspond to a 
transmitter power equal to the power proposed for the station. 
The assumptions made with respect to the antenna in making 
this correction should be stated. The survey should embrace 
at least an area bounded by the contour of 100 mv per meter 
for the corrected field intensities. 

Approved by Board of Direction 

December 20, 1928. 
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Report No. 3. Synchronization— Preliminary Require- 
ments for the Conduct of Tests 


The discussion which follows is limited to stations which transmit 
the same program. Since we are concerned primarily with the re- 
quirements or limits which should govern experimental operations 
in a field where there is a scarcity of accurate or systematic data, the 
principal object is to formulate restrictions allowing useful experi- 
ments with the least possible risk. 


METHODS or SYNCHRONIZATION 


Among the possible methods of synchronization are the following: 
(1) The sending of a control frequency by wire from a single 
point to each station. 
(2) Independent standards in each station: 
(a) Temperature-controlled piezo oscillator; 
(b) Tuning fork and harmonic amplifier, 
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(3) Broadeast-frequeney pickup: 
(а) Manual control; 
(b) Automatie control. 
(4) Low-frequency pickup. 
(5) High-frequency pickup: 
(a) Beat between two; 
(b) Step up from modulation frequency; 
(e) Step down. 

More generally, broadcast transmitters which may for experimental 
purposes be termed synchronized transmitters fall into two general 
classes as follows: 

(I) Two or more transmitters emitting carrier frequencies which 
are supplied from, or automatically controlled by, the same source. 

(II) Two or more transmitters, in each of which the carrier fre- 
quency is individually controlled by its own source. 

Method (2) applies to systems of class (II), whereas the others, 
except (3a), are used in systems of class (I), at least in principle. 


PRELIMINARY REQUIREMENTS ON Systems oF Crass (I). 


Systems of class (I), wherein both carriers are automatically 
controlled from a common source, approach absolute synchronization 
over long periods. Experiments with systems of class (I) are probably 
less likely to cause trouble or inconvenience to the listening public 
than experiments under class (II). Restrictions on method (1) may 
properly be directed mainly toward the satisfaction of the Commission 
that this method is actually being carried out. Thus in connection 
with method (1) the following limitations, or their equivalents, should 
be imposed: 

(1) A common source of frequency shall be provided for the 
stations. This may be an audio frequency or a radio frequency, 
depending upon convenience. 

(2) Current from the common source must be supplied to the 
transmitters of all stations engaged, by either wire or radio channel. 

(3) Evidence must be supplied to the Federal Radio Commission 
that the carrier waves emitted by all stations engaged in the experi- 
ment are continuously and automatically controlled by frequency of 
the common source during the periods of transmission. 

Under these conditions it is believed that the stations may safely 
be permitted to broadcast the same program during regular hours, 
in experimental periods sufficient in the opinion of the Federal Radio 
Commission to justify the issue of a license. 
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PRELIMINARY REQUIREMENTS ON SysTEMS OF CLASS (I1). 


In the opinion of this committee, continuous synchronization is 
not feasible in systems of class (IT) with existing commercial apparatus. 
It is always possible for a finite difference in frequency to exist be- 
tween transmitters which are individually controlled. Continuous 
synchronization may prove to be necessary for satisfactory operation 
in the future, although conclusive evidence on that point is not yet 
available. Until the requirements for successful operation are more 
definitely determined, experiments under the conditions which are 
associated with class (II) are justifiable. 

The following experimental periods have been proposed by Dr. 
Dellinger: : 


Experimental Period I.—Observations shall be taken at least every 
two days over a period of at least two months, to determine whether the 
Standards used are capable of remaining constant in frequency continu- 
ously within 15 cycles of the licensed frequency. (See second sentence under 
Experimental Period II.) 

At the end of this period, besides the checks already mentioned the 


Commission may require new calibrations of the standards by the Bureau 
of Standards. 


Experimental Period II.—Next, it is necessary to demonstrate that 
the emitted waves from the stations can be held continuously within 15 
cycles of the licensed frequency. (At some future time it will probably be 
necessary to restrict this to a smaller variation, but for the present 15 cycles 
can be allowed, permitting a maximum variation between synchronized 
stations of 30 cycles.) The trial and demonstration of this shall be a period 
of not less than one month specified in General Order No. 45. In special 
cases the Commission may authorize such tests also in the daytime. Ob- 
servations of the relative frequencies of each station shall be made at a 
distance greater than one mile from any station at least every two nights 
for a period of at least two hours. 


Experimental Period III.—For & period of not less than one month 
of transmissions by the stations during the hours after midnight as specified 
in General Order No. 45* of the Federal Radio Commission (or, in special 
cases authorized by the Commission, in the daytime), observations shall 
be made, at least every two nights of the character of received signals from 
the stations. These observations shall include observations taken at approxi- 
mately 20, 50, and 100 miles from each station (and in special cases also 
at other distances specified by the Commission). They shall be made by 
observing relative signal intensity, fading, quality, and other characteristics 
of the signals, alternately with all stations operating and with one station 
operating. The Commission may detail a Government observer to partic- 
ipate in this part of the work. 

This phase of the experimental work is of particular importance for 
the following reason. The results of theoretical studies and of such partial 


* Published in Radio Service Bulletin, September 29, 1928. 
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trials as have been made indicate that, while heterodyne interference will 
be removed by synchronization, there will be in its place an annoying im- 
pairment of the quality and fluctuation of intensity due to & form af inter- 
ference of the waves from the two stations. While this may not destroy 
as much of the service area as would heterodyne interference, it will never- 
theless reduce the service area of each station. The gain to be expected 
from synchronization, if and when it is demonstrated, therefore, is that 
many stations may be placed on one frequency, the sum of their small 
service areas being greater than the service area of one station if operating 
alone on the frequency. It is not now known whether this gain will 
actually be realized. In any event, the service area of a syncbronized 
station may be less than it would have been if it operated alone on the fre- 
quency. There may be no service in intermediate areas remote from any of 
the synchronized stations. The use of only one station on a frequency is 
likely to continue as the only means of giving service in large rural areas. 


Experimental Period IV.—For a period of not less than one: month, 
to be specified by the Commission, the stations shall operate with synchroni- 
zation with no limitation of hours. Observations similar to those during the 
Experimental Period III shall continue. In addition, the stations, not less 
than twice each evening, shall announce to the radio audience that they are 
operating experimentally in synchronization with other stations, naming 
them, and requesting all persons who notice interference or fading to send 
a report of their observations to the Commission. 


It is the opinion of this committee that these experimental periods 
are not too restrictive, and are well justified in most cases by the 
difficulties of obtaining valid general conclusions on the results of 
transmissions according to method (II). 

With regard to constancy of the standard sources, which is to be 
checked during the Experimental Periods I and 11, the important 
point is to maintain these sources at frequencies which depart from 
each other by less than thirty cycles. If this requirement is fulfilled, 
the secondary requirement that they be adjusted at the same time to 
operate, to within the same limits, at the assigned frequency, would 
appear to be unnecessary. If the primary requirements of synchroniza- 
tion be fulfilled, no further restrictions are required on the absolute 
value of the carrier frequencies than those set forth in Report No. 4 
of this committee. 

Experimental operation with stations of this class may demonstrate 
that these limits are too wide, or even that systems of class (II) are 
in general unsatisfactory. 

It is believed that the proposals under Experimental Period IV 
should be modified to allow the stations to operate with synchroniza- 
tion for not less than one month, and to require that the observations 
be carried on for at least one month. Provision should be made for 
extending this last experimental period, if desired, for a considerable 
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time before the Commission issues a license, because it is impossible 
to specify any particular period as sufficient to allow the collection of 
conclusive data. 


TESTS AND CONCLUSIONS 


The proposals under Experimental Period III and Experimental 
Period IV outline suitable test procedures and call attention to certain 
unfavorable results for which the technical observers should watch. 
It should be emphasized that audio-frequency distortion may occur 
in the received signal in common service areas of the synchronized 
stations, even with systems of class (D. With systems of class (II) 
this distortion may possibly be increased by the occurrence of a beat 
note between the partially synchronized carriers, even though this 
beat note be below the normal audible limit. Among the conditions 
which should be met for ideal operation of synchronized stations of 
either type, the following may be listed: 

(1) No substantial diminution in the individual service areas of 
synchronized stations. 

(2) No interference or distortion in the common service or overlap 
area. 

(3) No disturbance tending to produce cross-talk in any local 
system of frequency allocations, due to the assignment of the fre- 
quency of a distant station to one local station for purposes of syn- 
chronization. 

With regard to the proposal that broadcast listeners send the 
Commission reports. of their observations on synchronized stations, 
it is believed that such reports are likely to be misleading from a 
technical standpoint. It is therefore undesirable to encourage such 
reports on experiments of this nature, where the results are likely to 
be complicated by fading and beat-note phenomena which have no 
connection with the synchronization of the stations under test. 


Approved by Board of Direction 
April 3, 1929. 


Report No. 4. Permissible Deviation of Carrier 
Frequency from Licensed Frequency 


Under any scheme for the intensive utilization of the available 
broadcast channels such as the existing system of broadcast fre- 
quency allocation, accurate maintenance of the assigned frequencies 
is of primary importance if serious interference, particularly beat-note 
interference, is to be avoided. 
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In considering the effects of deviations from the assigned frequencies 
it is advantageous to distinguish the two important origins of beat 
notes. 

(1) Inter-channel beat notes (those occurring between the carriers 

of stations assigned to separate channels). 

(2) Intra-channel beat notes (those occurring between the carriers 

of stations assigned to the same channel). 

With the existing system of allocation, the minimum inter- 
channel beat note under ideal conditions would be 10 ke. The effect 
of deviations from the licensed frequency is to lower this figure. For 
example, with the plus or minus 500-cycle deviation permitted under 
General Order No. 7* of the Federal Radio Commission, one station 
may be 500 cycles low while the station operating on the next lower 
channel may be 500 cycles high, resulting in a beat note of 9 ke. Insofar 
as inter-channel beat notes are concerned, therefore, the question of a 
revision of the existing regulation resolves itself into a consideration of 
the improvement to be had by raising the inter-channel beat note from 
9 ke to 9.9 ke or some similar figure. 

No noteworthy amount of quantitative data concerning the per- 
formance of commercial radio receivers and loud speakers in the region 
between 9 and 10 ke has been published. The evidence that is avail- 
able, however, points very definitely toward the conclusion that under 
any conditions likely to be encountered in practice, present-day 
receiving apparatus is substantiallyincapableof reproducing beat notes 
of 9 ke and above. It is unlikely, therefore, that inter-channel beat- 
note interference is being experienced today unless one or both of the 
stations involved is operating outside of the 500-cycle limits imposed by 
General Order No. 7. Insofar as this particular class of interference is 
concerned there would appear to be no justification for changing the 
existing regulation. 

As a corollary, it follows that with the present 10-ke channel 
spacing, beat notes on any of the cleared channels can be as effectively 
controlled by strict adherence to the 500-cycle limit specified in Gen- 
eral Order No. 7 as by any more rigorous requirement. 

The elimination of beat-note interference on the “regional” and 
“local” channels involves, in addition, the control of intra-channel 
beat notes. Ultimately, this will probably require a limit on the per- 
missible frequency difference between carriers which will maintain 
the beat frequency at a value below the audible range. Such perfor- 
mance is not believed to be a practical possibility at the present stage 
of the art. It can be achieved only by highly refined apparatus, which 
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is yet beyond the resources of many of the smaller stations that occupy 
the channels under discussion. 

Аз a temporary expedient, however, there is reason to believe that 
a considerably larger deviation than that which would be required for 
Sub-audible beat notes can be tolerated, due to the deficiencies of 
present-day loud speakers and radio receivers, which in general dis- 
criminate markedly against the lowest audible frequencies. It is 
probable, therefore, that a noteworthy improvement in intra-channel 
beat-note conditions could be brought about on any given channel if the 
stations assigned to it would maintain their assigned frequency to plus 
or minus 50 cycles or less. 

It cannot be considered a permanent engineering solution to en- 
deavor in this manner to take advantage-of a current deficiency in one 
element of a comprehensive system for the purpose of easing the 
legitimate requirements imposed on another element in the system. 
On the other hand, there is no question that the beat-note problem is 
very serious and that remedial measures are urgently needed. Further, 
there is no definite indication as to when a more highly refined fre- 
quency control system will become available or when a greatly im- 
proved reproducing system will be introduced. Also, an effort on the 
part of the industry to meet a plus or minus 50-cyele requirement, while 
it may not be a complete solution, and while its effect may only be 
temporary, will nevertheless serve as a powerful stimulus to the 
development of the more refined apparatus and improved technique 
ultimately required. 

Careful analysisof the intra-channel beat-note phenomena indicates 
that the requirements are not as difficult to meet as they may appear 
at first sight. Leaving out of account the problem of serving a common 
area from two or more stations all broadcasting the same program, 
which is another matter, the service area of a regional station in the 
absence of beat notes is limited by the attenuation and fading or by 
cross-talk from other stations assigned to the same channel. 

With regard to cross-talk, experience indicates that a field-intensity 
ratio of wanted to unwanted carrier of at least 100:1 must obtain if the 
entertainment value of the program is not to be seriously affected by 
the interfering signal. 

As to beat notes, if the 100:1 ratio is met and the degree of modula- 
tion is in accord with current practice, experiments with a number of 
the better commercial receivers and loud speakers now available show 
that the additional attenuation introduced by these devices is sufficient 
to reduce the intra-channel beat note below the threshold of audibility, 
provided the beat frequency is less than 100 cycles. It should be noted 
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that in less favored areas, where the interfering field is greater than 
1/100th of the desired field, the beat note may still be plainly evident, 
but in such areas the value of the program is already irrevocably im- 
paired by cross-talk. 3 

Any scheme for the control of beat notes must takeinto aecount 
frequency modulation effects. Many of the broadcast transmitters 
in use today consist of a simple vacuum-tube oscillator coupled to the 
antenna and modulated by superimposing the signal voltage upon the 
direct voltage impressed on the plate of the tubes. It is well-known that 
the frequency of power oscillators is affected by changes in plate vol- 
tage. Accordingly, modulation in this manner not only results in the 
desired variation in carrier amplitude, but is, in general, also accom- 
panied by corresponding changes in frequency, which may amount to 
plus or minus 1,000 cycles or more. This “carrier wobble” not only 
prevents any proper control of frequency but often produces inter- 
ference on adjoining channels and, under certain conditions, pro- 
motes serious distortion at relatively distant receiving points. The 
effect, can be avoided by employing a properly designed master os- 
cillator separated from the modulating amplifier by one or more 
isolating stages. In view of the impairment to service which results 
from this transmitter deficiency, there appears to be necessity for 
action on the part of the Commission to require suitable corrective 
measures quite apart from the matter of beat-note control. In general 
the devices required at a station for frequency control to plus or minus 
50 cycles would automatically eliminate serious "carrier wobble." 

The maintenance of frequencies in the broadcast band with a 
maximum permissible deviation of plus or minus 50 cycles is believed 
to be both technically and economically feasible, at the present state 
of the art. The required degree of accuracy and stability can hardly be 
attained, however, without resorting to automatic frequency control by 
means of tuning forks, piezo crystals, and similar devices. Such devices 
must not only be accurately adjusted to the required frequency but 
should be enclosed in constant temperature chambers. The associated 
oscillator cireuits must be carefully designed and reasonable care must 
be exercised by the operating staff in maintaining proper values of 
temperature as well as filament, plate, and grid voltages. The appara- 
tus requirements are not unreasonably severe, however, and are met by 
apparatus now commercially available. No serious difficulty should be 
experienced in developing the proper attitude and technique on the 
part of the station operating staffs, particularly among the “regional” 
stations, since the responsibility for conditions on each regional channel 
can be placed entirely on the stations occupying that channel. The 
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operators should be required to keep written records of significant 

meter readings taken at regular intervals. 

It is probable that most of the stations in the country would be 
required £o make more or less extensive changes in their transmitters 
to meet a plus or minus 50-cycle maximum deviation requirement. 
The effort involved is such that sufficient time, probably at least one 
year, should be allowed to bring the project to completion. 

To summarize, the study which the committee has given to this 
subject has led to the following conclusions: 

(1) On the cleared channels the existing plus or minus 500-cycle 
limit, if adhered to, will practically eliminate beat-note inter- 
ference to the extent that this is possible with 10-ke chan- 
nel spacings. 

On the regional and local channels there is no worthwhile 

advantage to be gained by setting up more rigorous require- 

ments unless a maximum deviation of plus or minus 50 cycles 
or less can be attained. 

It is possible that if frequencies assigned to regional and local 

services were maintained to plus or minus 50 cycles, а note- 

worthy improvement in beat-note conditions would be brought 
about. 

It is essential in all broadcasting to suppress frequency modula- 

tion effects and other short period deviations. A requirement 

that all stations hold their frequency to plus or minus 50 cycles 
would be helpful in bringing this about. 

(5) A plus or minus 50-cycle limit is feasible with automatic fre- 
quency control devices available today, but a period of at least 
one year should be allowed to enable all broadcast stations to 
become equipped. 


Approved by Board of Direction 
January 25, 1929. 
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Report No. 5. Allowable Ratio of Day to Night Power 


This report is directed to the specific question of the desirability 
and possible effects of increasing in the daytime the transmitter power 
now assigned to existing stations for night transmission. It should be 
emphasized that there is little hope of equalizing the day and night 
service or the summer and winter service from a given station, with any 
practieal diurnal or seasonal alterations in power. Probably the only 
technical justification for tolerating à daytime increase in power is the 
general faet that limitations on day power are dictated mainly by 
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liability to cross-talk interference in regions near the transmitter, while 
the night power is limited also by heterodyne interference over much 
wider areas. Thus the recommendations of this report as to the tolerable 
amount of daytime increase in power should be considered as mainly 
for the benefit of stations whose coverage includes rural districts, and 
whichare so situated that their interference capabilityis confined largely 
to heterodyne interference at night. If a station is so situated and oper- 
ated that cross-talk with other stations having overlapping service 
areas is already an important factor, no increase in power by day over 
the existing level is justifiable. But in cases where the proposed in- 
creased daytime power still falls within the limits imposed by Report 
No. 2, with respect to the location of populous areas, the recommenda- 
tions stated below may be followed. 

The items of Report No. 2 which are significant in this connection 
are as follows: 

“The following recommendation has been made by Dr. Dellinger: 

Every station of 5 kw or more shall be ‘located at such a place that 

the radio field intensity at the nearest boundary of a populous center shall 

not be more than 100 mv per meter.’ Roughly, this means that stations of 

the following power must be located at distances not less than those shown 

beyond the city limits: 


Kilowatis Miles 
5 2 
10 2.8 
25 4.5 
50 6.3 


“The committee agrees with the principle of this recommendation 
and feels that it may in many instances be reasonably applied to sta- 
tions of less than five kw. 

«Yt is recommended that applicants for construction permits be 
encouraged to submit the following information to the Radio Commis- 
sion: 

(1) Location and nominal power of all other broadcast 
stations which the applicant considers to be serving the same area 
as the proposed station. 

(2) Approximate number of inhabitants within the three areas 
defined by circles centered on the proposed site and having radii 
equal respectively to 1 mile, 2 miles, and 5 miles. 

(3) A survey of the field intensities established by an experi- 
mental transmitter situated at the proposed site. This trans- 
mitter may be of low power, but the numerical values of field in- 
tensity as submitted should be corrected to correspond to а trans- 
mitter power equal to the power proposed for the station. The as- 
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sumptions made with respect to the antenna in making this cor- 
rection should be stated. The survey should embrace at least an 
area bounded by the contour of 100 mv per meter for the corrected 
field intensities." 

(1) The Radio Commission may receive applications from stations 
desiring increase of power during the daytime, subject to regulations 
embodying the above recommendations. Under the present system of 
power distribution it is considered advisable to limit the day-night 
power ratio to a value of 5:1, thus avoiding excessive alteration in field 
intensity when the decrease from day to night power is effected. A 
decrease of greater magnitude might be undesirable from the stand- 
point of listeners. 

(2) The results of any such power changes should be studied through 
field-intensity measurements, reaction of listeners, etc., at various 
seasons. These observations may ultimately lead to a sliding scale of 
day-night power ratios based on seasonal variations in the properties 
of the transmission medium. | 

The committee endorses from the engineering standpoint General 
Order No. 53* of the Federal Radio Commission, which provides that 
in all eases the broadcast station licensed to use a higher daytime 
power should be compelled to reduce power promptly at the local 
sunset to the night level. 


Approved by Board of Direction 
June 5, 1929. 


Report No. 6. Permissible Intensity of Harmonics and 
Other Spurious Radiation 


The intensive utilization of the transmission medium is undoubted- 
ly an outstanding technical problem in radio today. In any scheme for 
doing this it is essential that harmonics and other spurious radiation 
be effectively controlled. Progress in this direction has been seriously 
retarded by the absence of recognized performance standards expressed 
in proper quantitative terms. The interests of the entire industry re- 
quire that this deficiency be rectified as soon as розвіЫе | 

The discussion which follows is concerned primarily with harmon- 
ies, that is, with frequency components which bear an integral relation- 
ship to the assigned carrier frequency. Spurious radiation in other forms 
is encountered from time to time, but under existing conditions is а 
much less important factor. Sum and difference terms resulting from 
parasitic oscillation, unwanted modulation products due to over- 


* Published in Radio Service Bulletin, November 30, 1928. 
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loading, overmodulation or instability, and radiation from artificial 
antennas may be cited as examples. The control of all such phenomena 
is a problem which presents numerous ramifications, and the formula- 
tion of rigid general requirements should not be undertaken until 
more quantitative information is available. As a tentative working 
basis, however, it is thought to be logical to undertake to extend the 
regulations governing harmonics to cover all radiation outside of the 
licensed frequency band and the assigned operating period. 

The discussion, of course, deals only with interference effects aris- 
ing from transmitting irregularities. Complaints of harmonic inter- 
ference are, at times, received by the operators of broadcast stations 
which can be traced directly to deficiencies in the design of the re- 
ceivers employed. If a receiver with poorly designed selective circuits 
is subjected to relatively high local field intensities one of the radio- 
frequency tubes may be overloaded and may then function as a modula- 
tor or harmonic generator, leading to the erroneous conclusion that the 
received wave is “broad” or contains substantial harmonie components. 
Such effects would be observed even if an absolutely pure wave were 
emitted by the transmitting station and, accordingly, can be controlled 
only by proper action at the receiver. 

With present-day vacuum-tube transmitters, the attainment of 
reasonable power efficiencies requires that the tubes be operated in 
such a manner that relatively large harmonic voltages are impressed on 
the output circuits. The problem of the control of harmonics, there- 
fore, resolves itself into the design of suitable selective circuits to 
attenuate such voltages before they reach the antenna and the pro- 
vision of adequate shielding to limit direct radiation from coils and 
cornectors. Theoretically, there is no limit to the discrimination that 
can be obtained in this manner; practically, the expense for apparatus 
and specific engineering increases rapidly with the degree of suppression 
required. 


At the present time, field-intensity measurements appear to afford 
the most accurate and convenient method quantitatively determining 
the performance of a station insofar as harmonics are concerned. It is 
recommended that for regulatory purposes the requirements relating to 
harmonics be expressed in terms of harmonic field strengths at a 
specified distance, say one mile, and of percentages representing the 
ratio of the intensity of each harmonic to that of the assigned fre- 
quency, that is, to the fundamental, at the same distance. Experience 
indicates that the field-intensity patterns for the various harmonics 
frequently differ radically from that for the fundamental. Ac- 
cordingly, the performance of a station cannot be conclusively 
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evaluated by observations at a single point. It is desirable to determine 
roughly the field strength contours by taking a series of measurements 
at approximately equal angles around the station. With a suitable 
measuring set mounted in an automobile, this is a relatively simple and 
straight-forward undertaking. 

Unless unusual (and possibly unreasonable) precautions are taken 
there will always be a region immediately surrounding a transmitting 
station in which harmonies can be detected. The greater the degree of 
harmonie suppression attained, the smaller this area will be. On the 
other hand, the cost of the selective circuits required will increase 
rapidly. The establishment of practical and equitable limits therefore 
involves a compromise between the value of improved service in this 
surrounding region and the burden imposed upon the operating or- 
ganization in bringing about the improvement. Neither of these factors 
can be computed with accuracy. Under the circumstances, the choice 
of a suitable limit becomes largely a matter of j udgment and experience. 

The information in the possession of this committee indicates that 
at the present stage of the art it is reasonable to limit the harmonics 
from a broadcast station to 0.05 per cent in terms of field strength. 
This limit is fairly consistent with the recommended practice with 
respect to the location of higher powered stations. The harmonic field 
intensity at the boundary of the populous area which a station is 
intended to serve should preferably fall below the average noise level 
at that point. If the fundamental field strength at the boundary is 
assumed to be 100,000 uv per meter, which is the figure mentioned in 
Report No. 2, a 0.05 per cent harmonic, neglecting absorption, repre- 
sents 50 ну per meter. In many urban areas, noise levels of this order 
of magnitude are regularly encountered. 

It is characteristic of a percentage limit that it results in propor- 
tionally larger harmonie field Strengths as the station power is in- 
creased. Thus, if the percentage limit on harmonics be placed at 0.05 
per cent, a harmonic field at one mile of the order of 25 uv per meter will 
be allowed for a station which radiates 50 watts. A 5-kw station under 
similar conditions would be allowed 250 ду per meter and a 100- 
kw station 1120 шу per meter. As previously indicated, if the stations 
are properly located with respect to the areas which they serve, the 
interfering field will be attenuated with distance to such an extent that 
at the nearest boundary the field intensities from all stations regardless 
of their rated output will be approximately the same and below the 
average noise level. In the case of an exceptionally high power installa- 
tion, however, where the station is located at some distance from the 
recognized boundary, a relatively large suburban population may be 
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subjected to abnormal harmonic fields. Further, as a matter of avoid- 
ing potential interference in the high-frequency portion of the spectrum 
it is considered to be undesirable to permit stations to radiate sufficient 
harmonie power to establish field strengths of any considerable mag- 
nitude. Aecordingly, an absolute limit of 500 uv per meter at one mile 
is suggested. 

To summarize, it is recommended that all transmitting stations 
be required so to limit the field intensities at one mile, of all components 
whieh they produce outside of the licensed frequency band and the 
assigned operating period, that no component shall exceed either 0.05 
per cent of the fundamental or 500 uv per meter. 

The limits proposed are being met by the more prominent broad- 
cast stations now in operation. These limits are more rigorous than 
those which are met by a number of the older equipments. A regula- 
tion should not be put into effect, therefore, without allowing a period 
for apparatus improvements commensurate with the magnitude of 
the changes required and the number of stations involved. An interval 
of six months is suggested. 

If generally applied these limits should improve conditions to a 
very noteworthy extent. However, in the case of moderately powered 
stations, which are generally located in the midst of the communities 
that they serve, there will still be a small area immediately surrounding 
the station in which the beat-note interference due to the second 
harmonic may be encountered. For this reason the assignment of 
neighboring stations in harmonic relationship should be avoided. 


Approved by Board of Direction 
December 4, 1929. 


Report No. 7. Modulation Capability 


Although radio broadcasting has won a secure position in our 
national life, evidence continues to accumulate indicating that the 
country as a whole is poorly served. It is to be expected, therefore, that 
improvement in the existing facilities will continue. Since there is little 
possibility that the boundaries of the present broadcast band can be 
extended in the face of the overwhelming demand for radio channels 
for other services, this progress will require more intensive develop- 
ment of that portion of the spectrum now in use. A noteworthy step in 
this direction has recently been made possible by the introduction of 
broadeast transmitters capable of a relatively high degree of modula- 
tion. This report discusses “modulation capability” from the systems 
and regulatory standpoints. 
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The degree of modulation of the carrier in a radiotelephone trans- 
mitter is a somewhat intangible factor which necessarily varies rapidly 
through wide limits during the rendition of a program. With every 
transmitter, however, there is a definite modulation limit which is a 
characteristic of the design and which cannot be exceeded without 
bringing about serious distortion. This limit is an important perform- 
ance index which, for lack of a better name, has been called “modula- 
tion capability.” The modulation capability of a transmitter may be 
defined as the maximum degree of modulation (expressed as percentage) 
that is possible without appreciable distortion, employing a single- 
frequency sine-wave input and using a straight line rectifier coupled to 
the antenna in conjunction with an oscillograph or harmonic analyzer 
to indicate the character of the output. 

For a number of reasons, some technical and some economic, many 
of the broadcast transmitters in use at the present time have been 
so constructed that overloading of the audio power stage with conse- 
quent distortion occurs whenever the degree of modulation exceeds 
approximately 50 per cent. The usual practice in placing such trans- 
mitters in service consists of determining, by means of a suitable 
vacuum-tube voltmeter or other “volume indicator,” the audio level at 
the input of the set for which distortion becomes evident. The average 
operating level is then established at a suitably lower value, frequently 
as much as 6 db. Recently transmitters have been produced capable of 
100 per cent modulation without noteworthy distortion. It is obvious 
that if a transmitter of this latter type is employed and the same mar- 
gin is observed in setting the average audio input level, the resulting 
side bands will have twice the amplitude of those produced by a 
transmitter whose modulation capability is only 50 per cent. To pro- 
duce equivalent side bands with a transmitter capable of but 50 per cent 
modulation requires that the carrier amplitude be doubled, or the carrier 
power output multiplied by four. In other words, insofar as signal-to- 
noise ratio is concerned, which is the factor that usually determines the 
coverage of a broadcast station, the increase in modulation capa- 
bility mentioned results in an improvement that in the older type of 
apparatus could only be had by quadrupling the rated output of the 
transmitter. From a coverage standpoint, the range of a given station 
can be approximately doubled in this manner. Since this is accomplished 
without increase in the carrier power, the outlying zone in which the 
Station may produce serious beat-note interference with others as- 
signed to the same channel will not be extended. It is evident, there- 
fore, that the use of transmitters capable of a high degree of modulation 
is a noteworthy contribution toward intensive development of the 
available band. 
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The foregoing discussion has emphasized the advantages of a high 
degree of modulation from the standpoint of increased coverage with- 
out the use of increased carrier power. 

1t is believed to be feasible without unwarranted expense to increase 
the modulation capability of existing stations to at least 70 per cent. 

It isthe opinion of this committee that broadcast stations should 
be encouraged to increase their modulation capability, and that regu- 
latory action should eventually take advantage of the improvements 
in engineering technique in this respect which are now generally known. 


Approved by Board of Direction 
June 26, 1929. 


Report No. 9. Effective Methods of Power Rating and 
Radiation Measurement 


Several methods for power rating have been used and recommended. 
The power rating has usually been intended as a measure of radiation. 
The defect has been that such power ratings were not accurate meas- 
ures of effective radiation. Effective radiation is the subject in which 
a regulatory body is interested. How much power a station owner uses 
to produce a given effective radiation is only of interest to the owner of 
the station and not to the regulatory body. 

The old method long in use, which consisted of measuring the current 
in the antenna and the effective resistance of the antenna, indicated 
the power consumed at the antenna when the current was measured at 
the right place and when the effective resistance of the antenna was 
measured without introducing changes other than an actual known 
change. But the effective radiation was also dependent upon the 
effective height of the antenna, the effective resistance of the neigh- 
boring ground, and the screening effects of the neighborhood. These 
latter factors were usually estimated; therefore, the effective radiation 
was in fact only an estimate. 

The method of stating the power in meter-amperes also has resulted 
in estimates. The current in amperes must be measured in the right 
place, and the effective height in meters has usually been estimated as 
have been the ground resistances and screening effects. 

The simple method of measuring the voltage and current in the last 
tube of a transmitter, multiplying the voltage by the current and divid- 
ing by two, is an approximation similar to that employed in former 
methods, and is even more of an estimate because it is based on the 
supposition that one-half of the power from the last tube circuit is 
transferred to the antenna circuit. 
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The virtue of this latter volt-ampere method is its simplicity. The 
present view is, however, that this method would give more near- 
ly the carrier current in the antenna of a broadcast station if one- 
fourth the volt-ampere product was taken as the power where the last 
tube is a modern type amplifier tube with a tank circuit between the 
plate circuit and the antenna. Not measuring the power at the trans- 
mitter but measuring the radiation or field intensity at a distance from 
the transmitter is believed to be the method that will give the surest 
useful information to a regulatory body relative to stations broad- 
casting at frequencies between 550 and 1500 ke. This field-intensity 
method is a better indication of the power that is available to the broad- 
cast listener. 

An example of this method is to measure the intensity of the re- 
ceived signals, in uv per meter, at eight equally separated points on a 
circle about the station five miles distant from the station, average the 
readings and rate the station in uv-per-meter field intensity at five 
miles. 

If all broadcast stations are measured in this same way a better 
knowledge of the comparative effects of their carrier waves can be ob- 
tained than by present methods. 

It is believed that the Department of Commerce will soon be 
equipped to make such field-intensity measurements on land. Also it 
is believed that the making of such measurements will soon point out 
the systems for correcting readings where they cannot all be made at 
eight equally spaced points five miles from the station. 

This field-intensity method can also apply to other stations where 
the ground-wave service is of primary importance. For short-wave 
stations where the sky wave is used as in relay broadcasting, this method 
would only be applicable by measuring the ду per meter on a circle of 
very large radius and at different seasons and times of day and night. 

The mile is a good unit of distance for United States measurements, 
because automobile road maps and other convenient maps showing 
practically all localities in the United States are laid out in miles. 

Five miles is considered to be a good distance because in some lo- 
calities low-power stations give a very low reading at greater dis- 
tances. With a five-mile radius the broadcast station is entirely 
within the ground-wave distance, eight test points are about four miles 
apart and the distance around the circle is‘one that can be covered by 
an automobile in about two hours. It is recommended that broadcast 
stations in the band from 550 to 1500 ke be rated in terms of 
their average field intensities in uv per meter or measured as nearly as 
practicable at eight points forty-five degrees apart on a circle having а 
radius of five miles and of which the station is the center. 
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Pending the time at which stations can be measured in terms of 
their field intensities, it is recommended that the power of stations 
using master oscillators and power amplifiers with a tank circuit be- 
tween the last tube circuits and the antenna be rated as using a power 
equalling 25 per cent of the volt-amperes in the plate circuits of the 
last tubes; and that other transmitters be rated as using power equal to 
50 per cent of the volt-amperes in the plate circuits of the last tubes. 


Approved by Board of Direction 
September 7, 1929. 
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THE OPERATION OF MODULATORS FROM 
А PHYSICAL VIEWPOINT* 


By 


E. PETERSON AND Е. B. LLEWELLYN 
(Bell Telephone Laboratories, New York, N. Y.) 


Summary—The mathematical expressions which occur in the treatment of non- 
linear devices as circuit elements are interpreted in terms of a graphical physical 
picture of the processes involved. This picture suggests, in turn, several useful ways 
of applying the equations in cases where the driving forces are so large that the 
ordinary power series treatment becomes prohibitively cumbersome. In particular, 
the application has been made in detail to the calculation of the intermediate-fre- 
quency output to be expected from a heterodyne detector having an incoming radio 
signal and locally generated beating oscillator voltage applied on its grid and a circutt 
of finite impedance to the intermediate frequency attached to its plate. 


N the past it has been customary to deal with circuits containing 

non-linear resistances by the employment of a power series for- 

mulation. It is important to state at the outset the exact scope 
and limitations to which such a method is subject. The power series 
itself can be shown to be capable of representing any continuous curve 
to any desired degree of accuracy. In the special case where the curve 
possesses an unlimited set of derivatives at some one of its points, 
a Taylor’s series will exist, and this may be used. However, even when 
no convergent Taylor’s series can be found, there exist power series 
which, when enough terms are taken, represent the given curve to 
any desired degree of accuracy. 

With these facts in mind it is evident that the power series formula- 
tion, while of universal applicability to physical problems, involves 
a tedious computation for any cases except those in which the variable 
input voltage to the non-linear element, such as a vacuum tube, 
is so small that only the first few terms of the series are needed. 

The present method of treatment was developed in the out-of- 
hour courses at the Bell Telephone Laboratories in order to provide 
a basis for handling these more involved cases. This is done by build- 
ing up physical pictures, so that the alteration of circuit constants 
and of applied voltages may be visualized, and quantitative results 
when required may be obtained by straightforward and comparatively 
simple means. To demonstrate the validity of the physical viewpoint 
which is applied further on to a special case—the heterodyne detector— 
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we shall apply the power-series formulation to the case of а Lwo-fre- 
quency e.m.f. impressed on a non-linear resistance. By suitably inter- 
preting the resulting equations we arrive at processes which are found 
to be generally useful. ; 

Starting with the power-series formulation for the statie charac- 
teristic of à vacuum tube: 


I-aj4-a,E-FaE?--a4E*--a,E*- ``, (1) 
by inserting the expression for the impressed potential 
E = P cos pt+Q cos gt (2) 


in (1), we get directly 
1 =ав-Еа\(Р cos pt+Q cos qt) 
-Fas(P? cos? pt +2PQ cos pt cos gt-- Q? cos? qt) 
+a3(P? cos? pt 4-3P*Q cos? pt cos q 
+3PQ? cos pt cos? gt+Q? cos? gt (3) 
+a‘(P4 cost pt +4PQ cos? pt cos gt 
+6P2Q? cos? pt cos? gt +4PQ? cos pt cos? gt-+ Q* сов“ qt) 


In the usual analysis it is customary to expand the powers of the cosine 
terms in this equation in terms of multiple angles of pt and gt, and 
of their sums and differences. In the present case we shall depart from 
this procedure since a slightly different method of handling the equa- 
tion leads at once to the same numerical result, but has the added 
advantage of being amenable to a physical interpretation which pro- 
vides the keynote for the proposed simplification in the study of non- 
linear devices. 

To show this, expand the powers of cos gt, only, in equation (3) in 
terms of multiple angles and get 


2 3 
[= D cos pt+a2P? cos? ва ар cos pt+ > | 
3 
Уо -+-2а„Р© cos pt+a3(3P?Q соз? Р JF a4 (4 P*Q cos? pt 
+3PQ? cos рі) + - - | cos gt 


(4) 
1 3 1 
+| 594 P0 cos pt -a4(8P?Q? cos? pre Tc Jes 20 
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+ 1 


Next, this equation may be transformed by the expansion of the powers 
of cos pt into multiple angles, and the result may be written in the 
form: 


I= [boo t+boi cos pt--bos cos 2pt+ bos cos 3pt+ - - - | | 
+ [bio+bi1 cos pt-4-bis cos 2pt--bis cos 3pt+ - - -] eos qt 
+ [bso-- bo: cos pi+b22 cos 2pt4-bss cos 3pt+ - - -] cos 2qt 
+ [bso+bs1 cos pt--b3s cos 2pt--bss cos 3pt+ · - -] cos 30 
„ы; 

The key to the problem is supplied by this equation. It shows that 
terms of the fundamental g frequency may be thought of as under- 
going an amplitude variation produced by a bias variation, P cos pt. 
To take one example, the average value of the current of the q fre- 


quency is given by the average value of the second term of (5), 
namely, by the coefficient, bio so that 


(5) 


P 
І, = 010 cos a [ace (7) D | cos qt. (6) 


The general method for finding the fundamental component when 
two voltages are applied to the grid of а non-linear device may there- 
fore be stated as follows: By calculation or experiment, find the am- 
plitude of the output current of the q frequency when it alone is applied 
to the grid of the tube and plot the result as a function of the biasing 
voltage. Now imagine that the biasing voltage is varied at the rate 
and through the amplitude swing of the other applied voltage, P 
cos pt. The amplitude of the g frequency current undergoes corres- 
ponding variations, and the average of this value gives the average 
amplitude of the current output of the q frequency. 

This is shown graphically in the construction of Fig. 1 for the fun- 
damental current component of one of the two frequencies present in 
the applied voltage wave. The static current-voltage curve of the 
non-linear device is represented by (a) from which the relation between 
fundamental current output and bias is derived and shown by (b). 
If the superposed voltage component is shown at (c), the fundamental 
current output will vary according to (d), and the average ordinate 
corresponding to the desired result, bio, is indicated. In the case as- 


Peterson and Llewellyn: Operation of Modulators 41 


sumed for the drawings, it is seen that the superposition of the second 
voltage results in a reduction of the initial small output component. 
The progressive reduction with increase of the superposed voltage 
may also be visualized. 

In a similar way the second harmonic current from one of the 
applied voltages may be calculated. From (5) the third term gives 
the amplitude of the second harmonic of the q frequency as it is varied 
through the p cycle. The average value of this amplitude, namely 
bzo, is the average amplitude of the 2g frequency current. The graphi- 
cal application of this is shown in Fig. 1 in which (e) represents the 
variation of 2q with bias, and (f) represents the resultant output as 
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Fig. I— Construction for derivation of current components 
from static characteristic. 


affected by the superimposed wave which results in an increase over 
that initially present. 

For the higher harmonics the procedure is in every case exactly 
similar. 

Of particular importance to radio engineers is the calculation of 
the side bands which are produced by the beating together of the two 
frequencies applied to the input. These may be found and the method 
of finding them may be given a simple physical interpretation by 
reference again to (5). For instance, the second order side band (р-9) 
results from the second term of (5) when the amplitude of the q 
frequency undergoes a variation at the rate p. The amount of this 
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variation is given by the coefficient, by. Each side band has an am- 
plitude equal to bu/2 since cos pt cos qt — 3[eos(p 4- q)t -- cos(p — q)t]. 
In the graphical solution, we plot the amplitude of one fundamental, 
(4), over a cycle of the other fundamental, (p), and analyze the re- 
sultant wave form for the component of the р frequency. One half 
this component then represents the side-band amplitude. A special 
case will illustrate the method somewhat more clearly. 

Consider the linear rectifier in which one of the fundamentals, 
P, is much greater in amplitude than the other, Q. The applied wave 
shape and the static current voltage characteristic for the rectifier 
are shown in Fig. 2. The amplitude of the q current component is 
equal to aQ, independent of P so long as the entire variation of the 
9 frequency is positive, and it is zero during the time when the varia- 
tion of the q frequency is negative. Hence when P is much greater 
than Q, the д amplitude over a cycle of p is represented by the dia- 
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Fig. 2—Construction for derivation of side-band amplitude 


in a linear rectifier. 


gram at the right of Fig. 2. The p component of this wave is well- 
known to be 2/7 times the maximum value, and the side-band current 
is half this quantity. This result was arrived at previously on the 
basis of a laborious and direct analysis by means of Bessel Functions 
which has received excellent experimental confirmation.! 


APPLICATION TO A HETERODYNE DETECTOR 


The following treatment has for its object the formulation of 
simple mathematical expressions which apply in the case of a hetero- 
dyne detector where the beating oscillator voltage applied to the va- 
cuum tube is not small. This detector is usually placed at the beginning 
of an intermediate-frequency amplifier for the purpose of transforming 
the frequency of a weak high-frequency incoming signal to an inter- 
mediate frequency of such value that amplification may readily be 
accomplished. On the grid of the heterodyne detector, therefore, 


3 Е BE and Keith, *Grid current modulation," Bell Sys. Tech. Jour., 
› р. 188. 
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the small voltage induced by the radio signal is applied together with 
a large locally generated beating oscillator voltage which differs in 
frequency from that of the radio signal by the amount of the inter- 
mediate frequency of the amplifier. 

The particular problem of the heterodyne detector is more easily 
treated by а method which is in а sense inverse to that discussed in 
connection with Fig. 2. In the heterodyne detector case the radio 
sigral is very much weaker than the locally generated signal. At the 
same time the locally generated signal is usually known in amplitude 
to a much greater precision than is the incoming radio signal. There- 
fore, for calculation it is best to compute the amplitude of the funda- 
mental component of the locally generated frequency as a function 
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Fig. 3— Direct-current and fundamental current components as 
а function of grid bias for linear rectifier. 


of bias and then to find out how this amplitude varies as the bias is 
changed by the incoming radio signal. The general graphical method 
is applicable to any shape of static characteristic. However, for illus- 
trative purposes and for a quantitative conception of the kind of re- 
sult to be expected from heterodyne detectors, it is instructive to 
consider several special cases in which simple forms of the static char- 
acteristic are assumed. - 
For the simplest case the statie characteristic is assumed to be 
linear as shown at (а) in Fig. 3, where J = KE for positive values of E, 
and I=o for negative values of E. This figure expresses the relation 
between grid bias and spaee current. Now suppose а local carrier, 
P cos pt, to be applied. The output current of the p frequency as а 
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funetion of the bias may be computed by well-known methods. The 
result is 


PK 1 
i= fo ——sin 2a | cos pt (7) 
т 2 


where a is half the angle during which current flows per cycle. The 
bias, M, may be expressed in terms of a by the relation 


M = —P cos a. 


The form of (7) is shown at (b) in Fig. 3. We now wish to find out 
how the amplitude of this component changes with bias when the 
bias varies according to the form, Q cos qt. To do this consider the 
amplitude of 7, as given by (7) as a function of the bias, M. The 
variations of the amplitude with variations of the bias may then be 
formally expressed by the power series 

д1 


AI,— IY i as (AM)?+ 
" ƏM 2 ðM? 


and when AM has the form, Q cos qt, 


AI i c eT, pat ct ne 
=— Q cos — — — Q* cos E 
°әм 9 ome - 
the fundamental component of which, for small values of Q, has the 
amplitude 
Т, 
oM 
which is seen to be proportional to the slope of the curve of (7) as 
plotted as a function of the bias, M, on Fig. 3. From (7) this is equal to 
2K 
= sina. (8) 
7 
The side-band amplitude of р-а frequency has been shown to be one- 
half this value, so that we have 


p Е sin «| cos (p— g)t. (9) 
T 


Thus far our application has included only those cases in which 
the impedance external to the non-linear device is zero. In practice 
this is rarely so. Fortunately, however, in the special case of the heter- 
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odyne detector just diseussed, the impedance in the external circuit 
is usually finite for the side-band frequency and zero or very small for 
all other frequencies. Therefore, in the analysis just given, (9) may 
be interpreted as the short-circuit current from a generator of internal 
resistance, r, and generated voltage Ir. The value of r is the internal 
plate impedance of the vacuum tube. If this value can be found for 
cases like the present, where operation takes place partly below cut- 
off, then the resulting voltage across an impedance, Z, is given by the 
well-known expression, 
| gels с. (10) 
ира i арй 
In order to determine the internal impedance of the vacuum tube 
when it is subjected to а large impressed voltage on the grid side, it 
is necessary to review briefly the fundamental attributes of the resis- 
tance sought. We think of the tube as being in operation with the 
large voltage P cos pt applied to the grid and wish to find the resis- 
tance which the tube offers to а small current of p-g frequency flowing 
in the plate circuit. 
The space current may, as usual, be represented by writing the 
functional relation 


1„=1„(Е›, E,) 


where, in this case, E, consists of the bias, M, and the steady wave, 
P eos pt from the beating oscillator. Consider the effect of varying 
the plate potential while these voltages are applied to the grid. Under 
such conditions the change in J, produced by a small change in E, 
may be expressed by the Taylor's series expansion 
BL» gg + 1 9 Тү 

a x * | 
For very small changes in E, the first term, only, of this series may be 
used. Then, since for à constant value of E, the plate current re- 
sulting from the bias M and the voltage, P cos pt on the grid may be 
written in the form 


І, =ао+ал cos рі+аз cos 2 рі+ · · · 
the first term of the Taylor's series expansion gives 
ol, дав 


T SE Mec toe ca ais 
=— 6E,— —— — сов — cos T 
Nue О isi 


46 Peterson and Llewellyn: Operation of Modulators 


If ôE, is of the form, S cos st, where s may ultimately be put equal to 
(p— 0), we may write the component of 87 which has the s frequency 
as follows for the case where szhp, so that harmonie relations are 
excluded: 


дав 
I,=——S cos st. 
дЕ, 


But the voltage which produced this current was S cos st. Hence, the 
plate resistance to the s frequency is 


E, Seosst 1 


дЕ, дЕ, 


Such а resistance is the one sought for the heterodyne problem, since 
s may be taken equal to (p—q). The resistance, r, is thus seen to be 
given by the reciprocal of the slope of the curve which shows the 4-с 
space current as a function of plate potential while the tube is in opera- 
tion with the beating oscillator applied to the grid. 

In the special case of the linear characteristic which was discussed 
above, this slope is easily found by calculation under the restriction 
that the tube employed satisfies Van der Bijl’s relation that the space 
current is a function of (£,/u+£,), for then the rate of change of 
the d-c space current with plate potential is just u times the rate of 
change of d-c space current with grid potential. As a function of grid 
potential we may write the 4-с space current as follows: 


PK > 
I=] sin a—«a cos a| (11) 
T 
as shown at (c) in Fig. 3. The slope of this curve is given by 
Ofo Ol, Ka 
dE, M x 
which, under Van der Bijl's relation is proportional to 1/r. Hence 
1 Ке 
———, (12) 
T uT 


Therefore, having the value of the internal plate impedance of the 
tube, as given by (12), we may write from (9), (10), and (12), the vol- 
tage across the impedance Z which occurs from the side band produced 
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by the incoming radio signal beating with the locally generated carrier. 
'This voltage is 


m KQZ sina буе аз) 
JT == co —g)t. 
EN T KZa : 2 
1T—— 
рт 


From this special application of the method to the сазе of a tube 
with the linear characteristic of Fig. 3, the application to the general 
case where the equation of the static characteristic is not known may 
easily be inferred. It is necessary to know the way in which the d-c 
space current varies as a function of the plate potential while the local 
oscillator is in operation, and it is necessary to know the manner in 
which the fundamental component current resulting from the local 
oscillator varies as а function of grid bias. With the knowledge of 
these two things, the equations 


rZ Ig Ton 1 Г, 
1 Н Гаа | 2р | aa ма. 
r+Z 2 дЕ, т OE, 
may be applied directly to give the side-band voltage amplitude across 
the impedance when the incoming radio signal is applied. 
For reference the analytical expressions which arise when the static 


characteristic satisfies the square-law relation, instead of being linear 
as was heretofore assumed, may be written as follows: 


KPQZ 


т 


Ep = : ^ cos (p—4)t (14) 
E sin? « — о sin 2a | 


в, 4-1-4 


1 1 
E sin a+— cos За — — cos « 
4 4 


sin a+ 
Шт 
which applies when the local voltage, P cos рї, carries the operation 
below cut-off, and 
KPQZ 


Е а= окуу ЫШ (p — g)t (15) 


u 


where N is the bias voltage above the cut-off point, which applies 
when operation is always above the cut-off point. 

In the special case of the heterodyne detector physical conditions 
are such that the external impedance is zero to both the frequencies 
of the applied voltage. The circumstance that one of the applied volt- 


S 
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ages is very much smaller than the other enables the effect of the ex- 
ternal impedance to the beat frequency to be introduced without 
disturbing the relations for the fundamentals. 

The validity of the results obtained has been demonstrated for 
the case in which only potentials of fundamental frequency were im- 
pressed on the non-linear element. This state of affairs does not always 
exist. Where there is an external impedance to the new frequencies 
produced by wave-form distortion, the potential impressed on the 
non-linear element is modified by the voltage-drop of the distortion 
currents through the external impedance. Of course this effect becomes 
of importance only where the distortion potentials become compara- 
ble in magnitude with the fundamentals. In that event the fundamen- 
tal amplitudes are altered for two distinct reasons. First, the distortion 
potentials cause a different region of the characteristic to be traversed 
than is the case in their absence—a, loading effect. Then, too, the ener- 
gy dissipated and stored by the distortion products is taken from the 
fundamental sources simply on the basis of energy conservation, a 
phenomenon sometimes described as the reaction effect. These two 
effects? then are operative in the case of badly distorted waves, over 
and above the relations which we have treated analytically above. 
They may be included by the familiar device of successive approxima- 
tions. 

The application to the heterodyne detector which was dealt with 
here in some detail may be extended to several other specific cases 
of a similar character. In practice it provides a simple and convenient 
means of arriving at both qualitative and quantitative results in de- 
tectors and modulators of many kinds where the input voltages are 
so large that the usual power series formulation requires a prohibitively 
large number of terms. The two important points in the application 
of the method to the heterodyne detector may be summed up in the 
following statements: 

1. The side-band short-circuit current is proportional to the slope 
of the curve which shows the fundamental component of the output 
current resulting from the beating oscillator as a function of the grid 
bias. 

2. The internal impedance of the detector is equal to the recip- 
rocal of the slope of the curve which shows the d-c component of the 
output current resulting from the beating oscillator as a function of 
plate potential. 


2 Described at length in Trans. A.I.E.E., XLVI, p. 528. 
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TRANSMITTERS 
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Summary— This article outlines the Navy’s experience and conclusions in re- 
gard to the various types of plate supply, for vacuum-tube transmitters, which have 
been used. After listing and briefly discussing the considerations governing the -selec- 
tion of an ideal plate supply for transmitters, a comparison is made between the 
various types and the ideal. Navy experience in regard to character and control of 
output, source of primary power, reliability and repairs, ruggedness and efficiency 
ts diseussed in some detail. Data regarding comparative first costs and operating 
costs are given, followed by a statement of the Navy’s present policy in regard to 
plate supply. In conclusion, the advantages and disadvantages of the mator gen- 
erator and the mercury-vapor rectifier tube are tabulated. 


INTRODUCTION 


Y the end of the World War, Service opinion in the Navy 
B had become practically crystallized in the belief that the days 

of the arc and spark transmitter were numbered, and that 
they would be supplanted by vacuum-tube transmitters in all except 
possibly the larger shore installations where the are and the radio- 
frequency alternator still had eertain advantages not at that time en- 
joyed by tubes. At that early date, opinion was still divided as to 
the necessity, and even the desirability, of having a pure CW out- 
put for all transmitters. The rapid development of radio and the 
unparalleled expansion of its use for communications and broadeast- 
ing forced the conclusion, in a relatively short time, that nothing 
but practically pure CW output could be tolerated in the not too 
distant future, either for ships, operating in close proximity in large 
fleets, or for shore stations. 

The decision was therefore made at that time to purchase no more 
spark or are equipment, but to bend every effort to ward the develop- 
ment of tube transmitters and to encourage the commercial produc- 
tion of types of tubes and of tube transmitters, suitable for all Naval 
uses. The object in view was to replace all obsolescent equipment 
with vacuum-tube apparatus as rapidly as the progress of develop- 
ment warranted and available funds permitted. In the train of this 


* Dewey decimal classification: R344, Presented at New York meeting of 
the Institute, September 4, 1929, by Lieutenant-Commander R. C. Starkey. 
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decision there followed closely the problem of the development of a 
suitable source of direct current for the plate-power supply, consist- 
ing of a supply of relatively low voltage, the required value of which, 
however, has been constantly increasing until the present time, when 
we mention 18,000 volts direct current quite calmly. 

Owing, however, to the great quantity of older types of power 
equipment in existence in the Service and, in some degree, to the 
early lack of certainty in regard to the necessity for going at once 
to pure CW, a transitional stage was passed through ; а stage in 
which ACW (self-rectified a-c plate supply) was used to advantage. 
The power supply already available for the almost universally used 
spark transmitter (500-cycle alternating current at 220 volts) was 
too tempting and too economical to overlook. As a result, a number 
of full-wave self-rectifying transmitters were developed, using a 
500-cycle supply with the modified spark set transformers or more 
suitable units, and introduced into the Service. These filled the gap 
until the transmitters of today could be developed to their present 
reliable stage and be produced and obtained in sufficient quantity 
to meet our requirements. 


CONSIDERATIONS GOVERNING THE SELECTION oF AN IDEAL 
PLATE SUPPLY 


In considering the ideal plate supply for Naval transmitters, 
one is at first struck, and in most cases somewhat appalled, by the 
extent and ramifications of the problem. One must consider the bat- 
tleship, and large cruiser, each with its battery of several transmit- 
ters, the destroyer leader and destroyer, the submarine and the air- 
craft, in connection with the mobile services; and the great variety 
of shore station transmitters, ranging in size from the largest trans- 
oceanic stations to the smallest coastal radiocompass stations and 
in locations from the Tropics almost to the Arctic circle, under ex- 
treme climatic conditions, in connection with the fixed services. 

Naturally, in order to approach such a problem with hope of 
obtaining the best practical solution, it is necessary to consider the 
broad range of requirements, and perhaps to accept separate solu- 
tions in order to meet the several requirements. 

In order to analyze the problem, we may find it useful to list, as 
nearly as practicable in their order of importance, the characteristics 
which the ideal plate supply for Naval transmitters should possess. 
In this way we find certain characteristics which should be common 
to all, and certain others which are essential to some and perhaps 
not necessary or even desirable in other types of installations. 
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Character of Output. A constant d-c power output, sufficient to 
supply the specific plate-potential and plate-current requirements of 
the transmitter and free from objectionable ripple and voltage varia- 
tion, is naturally a primary requirement. 


Vig. 1—Front view (fence removed) rectifier tube гаёК. Type CG 2938 tubes. 
U. S. Naval Radio Station. 


Smooth variation of voltage over a reasonably wide range with 
good regulation is essential to provide satisfactory control of trans- 
mitter output. 

Available Primary Source of Power. The apparatus, of whatever 
nature, must be capable of operation from the available source of 
power. On shipboard the source is almost invariably 115 or 230 volts 
direct current. On shore the source may be similar but is more often 
commercial, alternating current differing in voltage, frequency, and 
number of phases. 
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Overload and Protection. The device must be capable of with- 
standing certain overloads, such as may occur in operation of tube 
transmitters, within the limits of its protective devices, and it must 
be safeguarded beyond such limits by suitable positive acting auxiliary 
devices. 

Reliability and Repair. Interruptions to service, due to failure 
of parts, must be kept to a minimum and, when they do occur, rapid 
replacement or repair must be provided for. The apparatus must be 
capable of reliable operation, and such ordinary repair and main- 
tenance as it requires, by average Service personnel, including rela- 
tively inexperienced men in time of war. 

Moisture Proof. All such apparatus must be moisture proof toa 
degree. The degree depends upon the use to which it is placed and 
varies widely in the Naval Service from actual submergence to 
protection against moist salt air. 

Ruggedness. The apparatus must be of sufficiently rugged parts 
and construction to withstand the shocks incident to shipping and 
handling, and in most cases those shocks incident to heavy weather 
at sea and gunfire. 

Cost. The total cost-considering the first cost, the cost of operation, 
of upkeep, of replacements and repairs, must not be excessive. 

Space and Weight. The importance assigned to these require- 
ments is necessarily variable. It is of vital importance in aircraft 
and small ships, of somewhat less importance in large ships, and of 
small consideration at most shore stations. 

Efficiency. The efficiency must be as high as is consistent with 
the other requirements. 


THE CHARACTERISTICS OF THE AVAILABLE TYyprEs—How CLOSELY 
THEY APPROXIMATE THE IDEAL 


In Naval practice, as in commercial, there have been generally 
used but two methods of obtaining direct current for plate supply 
for transmitters of more than a few watts power. They are, of course, 
the high-voltage direct-current generator, with its motive power, 
which is usually an electric motor, and the vacuum-tube rectifier 
with its associated transformers and filter system. The tube recti- 
fiers are of two general types, the older thermionic rectifier tube and 
the newer hot-cathode mercury-vapor rectifier tube. The Navy has 
had some experience in the use of all three. Its use of motor generators 
has been very extensive, its use of thermionic tubes only less so, and 
lately some experience has been had with the mercury-vapor type. 
It may, therefore, be of interest to discuss the characteristics of 
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each type as demonstrated in Service use as compared with the 
ideal requirements outlined in a previous paragraph. 

Motor Generators. At present there is no difficulty in purchasing 
commercially good 4-с generators of any voltage up. to 12,000 у. 
If driven by a d-e motor, with fairly constant supply, the voltage 


Vig. 2—Top view, filament transformer and rectifier tube rack. 80-kw tube 
transmitter. U. S. Naval Radio Station. 


variation is well within the required limits. The regulation can, by 
variation of the compounding, be made to meet the requirements. 
It is usual, I believe, so to design the generator that at normal full 
output voltage the change in voltage is approximately 5 per cent 
when the load is thrown off. By compounding, to provide the required 
maximum regulation at this point, the regulation at the various other 
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points is held within reasonable limits. It is possible to obtain a con- 
tinuously variable change of voltage from a point slightly above one- 
half normal voltage up to 25 per cent over voltage. This smooth varia- 
tion over such a wide range is a very desirable characteristic for Naval 
transmitters. In this connection, however, there is one point that should 
be noted. A generator may have such regulation at normal voltages 
that when the full load is thrown on the voltage will fall slightly 


Fig. 3—Filament transformer and rectifier bank, showing leads to plate trans- 
former. 80-kw tube transmitter. U. S. Naval Radio Station. 


(positive regulation), but at about one-half normal voltage, any in- 
crease in load current may cause an appreciable and undesirable 
increase in voltage (negative regulation), resulting in an unstable con- 
dition which, combined with an unstable condition in a radio trans- 
mitter, may cause serious trouble. This may result from the design 
when attempt is made to provide for too wide a voltage range, or from 
the use of full load flat compounded generator at low voltage with full 


Raguei: Plate-Voltage Supply for Tube Transmitters 55 


load current values. The series field is designed for a definite amount of 
compounding at normal full load current and voltage, and the terminal 
voltage is controlled by adjustment of the separately exeited shunt 
field. When the shunt field is weakened to obtain lower terminal vol- 
tages, the series field strength remains approximately the same, due 
to the fact that the transmitter has been adjusted for full load current 
of generator. Under these conditions, the effect of the series field pre- 
dominates, and excessive compounding results. It has been found 
desirable, therefore, in certain installations where generators were 
required to operate temporarily at considerably reduced voltage but 
approximately full load current, to provide a variable degree of com- 
pounding by use of a suitable variable resist or or rheostat shunting the 
series field, which is usually connected in the negative side of the circuit 
at ground potential. 

Tube Rectifiers. The thermionie vacuum-tube rectifiers employed 
in the past had a number of very serious limitations. They had very 
poor regulation on account of the large potential drop in the tubes, 
which necessarily involved large tube losses, low efficiency and conse- 
quent necessity of providing for dissipation of much heat. This requires 
generous spacing in design of the tubes and eonstruction of the recti- 
fier, resulting in a bulky rectifier unsuitable for shipboard use. For 
these reasons they were practically never used aboard Navy ships, and 
their use at shore stations was somewhat limited. 

The advent of the hot-cathode mereury-vapor tube has greatly 
changed the aspect of the situation. This type possesses the very 
desirable feature of low potential drop or small space charge. As a 
result of this, it has good regulation. The actual drop in the tubes in а 
single-phase simple rectifier is approximately 15 volts. Due to thelower 
losses, the new tubes are smaller in size, resulting in a considerable 
reduction in dimensions of the complete rectifier equipment. What- 
ever regulation is involved in the rectifier, over all, is due almost en- 
tirely to transformer and line drop. For this reason, very positive 
protective apparatus is required ; otherwise, with such good regulation, 
a short circuit may be disastrous. The rectifier should be designed to 
have a definite value of regulation, thus having inherent protection. 
With a regulation of approximately 8 per cent in a standard 100-kw 
20,000-volt rectifier (6 tubes) it is-possible to obtain a fair degree of 
inherent protection. А somewhat serious difficulty with rectifiers in 
generalis that it is difficult to obtain а smooth variation of output 
voltages particularly when combined with good regulation. It is 
generally necessary, and best, to select some five different output vol- 
tages to suit the tuning and general operating requirements of the 
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transmitters and limit the obtainable variations to these. But in the 
matter of regulation there is a point in favor of the rectifier—it has 
positive regulation at any voltage tap—that is, a fallin voltage when 

_the load is applied, instead of a rise, as in some cases might happen 
with a generator operating at low voltages. 


DANGER 
HICH 
VOLTAGE 


Fig. 4—Plate transformer (side view). 80-kw tube transmitter. U. S. Naval 
Radio Station. 


The rectifier generally requires a fairly good filter system which 
occupies a good deal of space, and is a factor which must be considered 
in connection with the space occupied by the two systems. The motor 
generator will also usually require a filter, but it can generally be made 
small. The larger filter may be considered as a disadvantage of the 
rectifier. 
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Available Primary Source of Power. The high-voltage, d-c gen- 
erator can be turned over by almost any available source of power. On 
board ship the driving motor is almost universally a direct-current mo- 
tor, as that is the type of power available aboard practically every 
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Fig. 5— Plate transformer. West side view of the disconnect switch panel. 80-kw 
tube transmitter. U. S. Naval Radio Station. 

Navalship. This gives great flexibility and at the same time permits а 

high degree of standardization and interchangeability. Such inter- 

changeability has been found highly necessary during the complete 

change from the old to the new type of transmitters and associated 
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apparatus, which the rapid advance in the radio art has entailed. 
For reasons of economy, the change-over could nat be made wholesale 
nor all in one year, and removal of transmitters from one type of ship 
and re-installation on another was necessary as newer and better 
transmitters were developed. Another advantage of the motor genera- 
tor is that, as d-c motive power can be made available in almost any 
part of a ship, the motor generator can be placed wherever space is 
available and convenience makes desirable, although it is of course 
desirable to keep the high-voltage leads from the generator short, for 
it is essential to protect the personnel and avoid risk of explosion. For 
these reasons, it has been the usual practice to supply each transmitter 
with its own d-c motor-driven d-c generator for shipboard use, and to 
supply generators for shore stations driven by motors suitable for the 
power available at each. 

The proposition of having a combined central source of power aboard 
ship with individual rectifiers for all transmitters and perhaps for re- 
ceivers also, looks very attractive, particularly for large ships, now that 
a suitable tube rectifier is available. On the other hand, a suitable a-c 
power supply is required in order to use rectifiers, and such a supply is 
not generally available on Navy ships. It may, however, be feasible to 
provide fora three-phase, 60-cycle, 220-volt su pplyas a universal source 
for all radio transmitters. In addition, this supply could be used to 
operate the receivers, although only a single phase would be necessary. 
The generator for such a system could be of standard commercial type, 
preferably turbo-driven and might be expected to give very little trou- 
ble owing to its low voltage and rugged characteristics. It would be 
essential to provide two such generators in different parts of the ship, 
to provide against failure, particularlyin action. With sucha system, the 
rectifiers for each transmitter could doubtless be built into the trans- 
mitter itself. Using the new tubes, they would not occupy much space. 
High-voltage leads would be reduced to a minimum and the use of a 
large number of high-voltage motor generators would be abolished. 

Reliability and Repairs. The most vulnerable part of a motor 
generator is its high-voltage armature. If thisisinjured, the machine 
and its associated transmitter is out of commission (unless a duplicate 
motor generator is installed) until a new armature is installed or the old 
one repaired. To safeguard continuity of operation, a spare armature 
must be carried. Care must be taken to see that the spare is kept free 
from moisture in storage, and caution must be exereised when starting 
to use it, or trouble is imminent. In operation motor generators must 
be well protected against spray, moisture, oil, the dripfrom con- 
densed steam, etc., or the insulation of high voltages will give trouble. 


Fig. 6— 
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Disconnect switch panel, plate transformer, and interphase transformer. 
80-kw tube transmitter. U. S. Naval Radio Station. 
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This is not always easy to provide for, especially in small ships, sub- 
marines and aircraft. We must not forget, either, that the motor gen- 
erator is arotating machine with bearings that require oiland attention, 
but the self-aligning ball bearing has reduced the trouble in this respect 
to small proportions. 

In the rectifier, generally speaking, the main source of failure is the 
burning out of the tubes. In this respect, however, improvement has 
been excellent, and reliable tubes with life well in excess of 1000 hours 
are commercially available. Nevertheless, failures do occur more or 
less regularly and although, with a properly designed rectifier unit, the 
tube can be replaced very quickly, still the service has been interrupted 
and such interruption, no matter how brief, may be a vital matter dur- 
ing a Naval engagement. Considering a rectifier with from two to six 
tubes, with an average life of 1500 hours, one can rather definitely count 
on two to six shutdowns during that period. Failures from motor 
generators are not nearly so common. The remainder of the rectifier, 
its transformers, condensers, reactors, and resistors, can be built with 
a fairly large factor of safety. In the case of a ship operating for long 
periods far from its base, the number of spare tubes which must be 
carried and the space occupied for their storage, is a consideration 
much more serious than the stowage of a spare motor generator. 

It may be of interest to quote briefly from a recent report received 
from a high-powered Navy station: 


“In the twenty-one months since the installation of the 40-kw tube 
transmitter rectifier, only one failure has occurred. This was due to the 
burning out of one of the resistance units in the grounding circuit of the 
rectifier..... In the first 17 months of operation, only one tube failure 
occurred. The tube had given 4000 hours of operation so no cause of com- 
plaint in that case. The cost of replacement was $275.00. Since the installa. 
tion of the 22-volt filament tube type CG 2938, approximately eight months 
ago, there has been no failure. They have an average operating time of 
2595.27 hours and there is no reason to believe they will not go over 5000 
hours..... Another transmitter, on the other hand, uses a motor generator; 
the motor-generator plate supply has never failed since its installation 
twenty-one months ago.” 


From another high-powered station comes the following: 


“Since the installation of the unit (some four years) there has been 
no transformer trouble and the tube life has continually increased until 
the present average of over two thousand hours. In case of tube failure 
a new tube can be installed in a maximum time of five minutes. .. .. In 
the maintenance of the unit it is necessary to filter the transformer oil 
every six months and to overhaul the water interlocks every 90 days. 
Since using softened water trouble with interlocks previously experienced 
has been practically eliminated." 
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Ruggedness. In the matter of ruggedness or ability to withstand 
transhipment, the shocks of gunfire and of heavy weather, the motor 
generator seems at present to possess advantages not enjoyed by the 
tube, but the tube is constantly improving in that respect and will 
probably equal the motor generator in a reasonably short time. 

Efficiency. The nature of the source of power affects the overall 
efficiency of the two types of plate supply. Given a-c power to start 
with, the efficiency of the hot-cathode mercury rectifier is certainly 


Fig. 7—Five 20-kw d-c generators, 10,000 volts. U. S. Naval Radio Station. 


higher than that of a high-voltagé generator. The rectifier system may 
have an efficiency as high as 94 per cent; the motor generator will 
hardly exceed 70 per cent; but, as has been stated, the primary source 
of electrie power aboard ship is ordinarily direet eurrent, and the 
motor of the motor generator can operate directly from this source. 
The rectifier, on the other hand, requires alternating current, which 
must be generated by a separate motor generator, stepped up and then 
rectified. However, the efficiency of such a motor generator operating 


62 Raguct: Plate-Voltage Supply for Tube Transmitters 


on direct current and delivering 3-phase alternating current at 220 
volts is comparatively high—some 90 per cent; therefore the overall 
efficiency of such an arrangement would probably exceed the high- 
voltage 4-с motor generator. If a separate turbo generator were used 
aboard ship to supply the alternating current, much better overall 
efficiency would of course result. 

Some Data Regarding First Cost and Operating Costs. Both the 
first cost and the operating costs are dependent primarily upon the 
source of power, so a direct comparison is difficult to arrive at without 
first evaluating the various factors which enter into the matter. The 
cost of power, the efficiency of the equipment, its life, the cost and 


Fig. 8—Five 20-kw d-c generators, 10,000 volts. U.S. Naval Radio Station. 


frequency of replacements, cost of repairs, must all be given considera- 
tion. The power for Naval shore radio transmitters is usually obtained 
commercially, and the cost varies with their locations from about 1 +0 3 
cents per kwh. On ships the cost of power varies with the type of ship, 
but is usually somewhat less than for shore stations of corresponding 
power. The cost of tube replacements can be figured fairly accurate- 
ly, but this is not the case in regard to armature replacements, field 
coils, etc. If the installation is on shipboard where alternating current 
is not available, that point must be considered, and if an a-c turbo gen- 
erator is installed for special radio use, the intermittent and light load 
must be taken account of. On shore, this is usually not a factor. A 
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comparison between tubes of nearly equal characteristics shows that 
the mercury-vapor type costs only slightly more than one-third the 
cost of a thermionic tube of nearly equal rating, and that the cost per 
tube per kw is in one case $0.85 and the other $2.95. Although not а 
great deal of life data is available on the mercury-vapor type, the exper- 
ience to date indicates that it will be at least equal if not greater than 
the thermionic tube. In the past the latter tube has been purchased on а 
1000-hour guarantee basis, but the average life in our experience has 
been much higher than that. At the Navy's San Diego station the 
average life is in excess of 2000 hours, and а life as high as 8000 hours 
has been obtained in extreme cases. 

Some available price data on motor generators, turbo generators 
and rectifiers are given below: 
(a) Motor generator, 1200 volts, 0.5 kw, d-c drive, complete with starter, filter and control 

CHHPDPUPRURTTTCIZEST LIB Qaa AS AME EC TN EET. .$ 977.00 

Cost per kw. к" = Айга» ce eo ы» ани o E I OI a: E du. .. 1054.00 


Efficiency (full load) “ы ehe ee ` 48.5 per cent: 
(b) - Motor generator,3000 volts, 3. 5 kw complete with starter, filter and control equipment. m n 


Gost per емші Locke Ба Bre iw Pes EA южо riy ele deii sem Ы 40.00 
Efficiency (full load)...... "аа ез ы уг" di mag s à Ех .67.3 per cent 
(c) Motor generator, 7500 volts, 10 kw complete with starter, filter and control equipment. . $3760.00 
Сов per Бу». жрк: ме >. o КЕ A KS A ee R . 876.00 
Efficiency (fullload)........ e vro nou 63 per cent 


(d) Motor generator, 4000 volts, 7.5 kw complete with starter, filter and control equipment. ue ор 
"wo eris pira x etlam agii tdt Y 60 per cent 
(e) Motor generator, 10,000 volts, 20 kw complete with starter, filter, metering and control 


SEDMO: cine mire - «uie a en ..$5000.00 

Cost per kw....... М ‘ - * ела HON n 250.00 

Efficiency (full load). . e lew 6 0 фе оек Wes Svante „70 per cent 
(f) Rectifier, 20,000 volts, 100 kw complete with starter, filter, metering and control equip- 

ЕП жы ыз» без эө >з t ; è Р г di E SN ELIOT 

(СОВ per. kws deus ао: ds x ; 111.50 

Efficiency (full load)..........-. i 94 per cent 


(к) Motor generator, 100 kw, 220 volts direct current to 220-volt, 60-cycle, 3-pnase alter- 


nating current, complete with starter and control equipment. ... .$2788.00 
(Cost реку кин pte x us z ite ton Poe а 27.88 
Efficiency (fullload)......... и ‚..98 per cent 


(h) Turbine generator, 100 kw non-condensing 220-volt, 69-cycle, 3-phase alternating Bure n 
rent. Complete with control equipment...... dtp pod : ; S О 


Cost per kw..... 


It) 'Turbine generator, 100 kw condensing 220-volt. 60-cycle, 3-phase alternating current. E 
Complete with control equipment and condenser. Price...... Ao Busou c ёо ...85950.00 
Cost per kw....... Com ӨЙ» , Ө Y 2779 : e Satake cit 59.50 


From the above it will be seen that as far as original cost is con- 
cerned, that of the motor generator is higher than that of the rectifier. 
This is true even though the source is direct current, as on shipboard, 
and an extra generator to develop the a-c power for the rectifier is used. 
For example: 


High-voltage motor-generator cost at least... 111-15-55 ...8200.00 per kw. 
Efficiency розвіМу.............. NOTA с Resim ^а. mul ERES IS 70 per cent 
High-voltage rectifier сові....... 6n T" 22... $111.50 per kw 
Efficleney.. «oem kem = T. Ga uir OR INNUIT: atii ее 2 dtd каа rU E s Mar OE E 94 per cent 
Generator for alternating current— eost. .... ss +--+ esses СН дн дел 2 = 27.88 
Efficiency (full load).......----..--- P PTE RIE OPO AMT зла M Ne йн ...09.93 per cent 
Total cost rectifier and a-c generator........ Bn MU EFE! Up ic 2-1 2330 E32 рент 


Resulting efficiency = (94 X93) /100 = .. "£2: Й ae і ‚....87.4 per cent 


If the installation is on shore where a suitable a-c supply is avail- 
able, the difference in original eost is considerably greater than the 
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above, due to the fact that an a-c generator is not necessary for the 
rectifier. This gives the rectifier a considerable advantage. 

Bearing in mind that, because there are so many variables to con- 
sider, all figures must be considered only approximate and the results 
obtained applied with caution, it may be useful to compare operating 
costs in three standard cases. 


CASE 1 
EI e ee ee E ARA. | BUDE 4 asc cipem T itn EC Be S otiose lt Alternating current 
Кам АЦА Ол ae P Lacu liven Soe Xa A ES HUE ——— р үүө REC BYE ashore 
ОРОО Obs ater ces We ho gy gt үүнү v^ A -.8 cents per kwh 
Rating of їпзаШайоп... ............. ai о alt 100 kw 


RECTIFIER 
Outnutfoiirecti tere tr one eae, Sere reese ы жоу ы. a м dice: T 100 kw 
Efficiency (Full load value given in proposal of October 16, 1928)...................... 94 bet pent 
. 7 WS A D aser i э: эге p erc Re Р у 
.... $83.18 per hour 
-—- $507.00 


Saving of rectifier over mctar generator... A eU d Рр RE t At 21. 80.60 per hour 
If 20-hour per day operation is considered normal, then total saving cf rectifier over motor gen- 


CASE 2 
Same as Case 1, except. созі. оѓ power 1.5c per kwh. 


MOTOR GENERATOR 


Operating cost (power only) 143 X$0.015=.......... РЕ s Staa ios cad ер ‚..%2.15 per hour 
RECTIFIER 
Operating cost, power 106 X$0.015=.................... ааа. -.. $1.56 per hour 
Operating eost, tubes=.......,......... Soe ae 2 ; mma atataka 0.51 per hour 
Total cost of rectifier $2.07 per hour 
Saving of rectifier over motor generator: 
Не НОП. M rv NN lu I EA Ee eee а ВЕ 7 ЗИВ $ 0.08 
DOr eatin Wong postu сү АМР no ME EAE REESE E EE IN 584.00 
CASE 3 
Source....... UC UU dx cb eR s Cn .......direct current 
Installation... А POR GRE S « ar oom ts геол тоа KO ЖИЙИ ashore 
Cost of power..... Нер о ине NU : cae БОС Ыы ...1.5e per kwh 
Rating of installation... . mew филе тещ. era Eus йч zi, DON s re ne 100 kw 
MOTOR GENERATOR 
Operating cost (same as (базе) „Ж ELSE o t9 eade lr увео, 1482.15 per hour 
RECTIFIER i 
An a-c generator must be added. 
Output of rectifier............. vtl Saane oca р 5 Ветана а 2 й ur kéo S Casi kd A MN 100 kw 
Efficiency of rectifier (Case 1)........... tile p АШУ doesnt sa Y quid prO EP 94 per cent 
Efficiency of d-c to a-c motoL(generator-o Ж у тве d nen E sal d ELE „абе MATT 93 per cent 
(See original cost data above). 
Over-all efficiency d-c line to rectifier output 0.94 X0.93 ы Lees e а... 84.4 per cent 
Input to d-c to &-c motor generator ТОО ТАЕНЕ У ОЎ гаа данне. ame А 114 kw 
Operating cost: 
Ede UT) e p Te X RU $1.71 per hour 
Gurt EU pan T аа meee 0.51 per hour 
ШО эе БЫН ыызы >к е EE ....., $2.22 per hour 


p^ based on a tube life of 1000 hours ,whereas the life obtained in service is usually in excess of 2000 
ours. 


- 
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Existing Ponrcy REGARDING CHOICE OF SUPPLY 


The considerations outlined in the preceding paragraphs, particu- 
larly as applying to the older types of tube rectifiers, were responsible 
for the poliey which has guided the Navy in its choice of plate supply. 
Up to the present time, this policy has been to use motor generators for 
all shipboard installations. Experience has demonstrated that the 
motor generator is an extremely satisfactory and reliable source of 
power for the plate supply at the voltages ordinarily required for use 
on shipboard There are at present in use on Naval ships, а large num- 
ber of such motor generators for transmitters of low to medium power, 
operating on medium and high frequencies. Many of them have 
been in use for several years, and the number of motor-generator 
failures are remarkably low. It was at first considered necessary to 
supply duplicate radio motor generators, and later it was found that a 
spare armature sufficed. More recently it has been found that except 
in the case of the larger ships, where they are considered as insurance, 
it is unnecessary to provide more than a small number of spare arma- 
tures on each tender. 

Now, however, when the hot-cathode mercury-vapor tube is de- 
monstrating its advantages and economy, the matter of a combined 
power supply for radio is being given careful study, and it is expected 
that experimental installations will be developed and given a service 
trial in the near future. 

At shore stations of the Navy, transmitters of intermediate fre- 
quencies up to 2-kw antenna power, and of high frequencies up to 
10-kw antenna power, motor generators ranging in voltage from 
1000 to 10,000 volts have usually been employed for plate supply. On 
shore stations equipped with transmitters of higher power than these, 
rectifiers have been used. Most of these rectifiers are of the thermionic 
tube type (space was not such a vital consideration), but the latest 
transmitters, and those now being delivered under contract, are 
equipped with the hot-cathode mercury-vapor tube. 

Some of the high-powered stations using large tube rectifiers are 
Arlington, Guantanamo (Cuba), Cayey (Porto Rico), Annapolis, San 
Francisco, San Diego, and Puget Sound. At shore stations both motor 
generators and rectifiers appear to be equally reliable, and extremely 
few failures (other than tube failures) have been experienced with 
either type. Because of the obvious advantages in regulation, efficiency 
and eost, the mercury-vapor tube is gradually replacing the older type. 

In conclusion, the advantages and disadvantages of the two types, 
as indicated by Naval experience to date, will be tabulated. The 
rectifier is assumed to use the new mercury-vapor tube. 
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Motor Generator Rectifier 
ÁDVANTAGES ADVANTAGES 

. Smooth variation of output voltage. 1. Positive regulation at any avail- 

. Good regulation. able terminal voltage. 

. Small filter system. 2. Less liability of vital failures. 

. Few interruptions to service. 3. Can be incorporated in radio trans- 

. Low cost of replacements (no mitter thus reducing high-voltage 
tubes). leads to minimum, with consequent 

. Flexibility; may be mounted where- greater safety to personnel and less 
ever convenient space is available. danger of causing explosions. 

. Interchangeability. 4. Can operate from a rugged source 
May be operated directly from d-c of power which might be universal 
lines. X for all transmitters. 

. Space in radio room is not required 5. Lower first cost and probably lower 
for mounting. operating costs. 

6. Has no rotating parts in itself and 
DISADVANTAGES no high-voltage commutator. 

. Possibility of negative regulation 7. Control and operation are under 
when terminal voltage is lowered. observation of transmitter operat- 

. When interruptions occur they usu- ing personnel. 
ally take longer to repair. 

. Relatively long high-voltage leads DISADVANTAGES 
between motor generator and trans- 1. Periodic interruptions to service 
mitter. (tube failures). 

. Rotating machinery with noise, vi- 2. Fragility of tubes and numerous 
bration, and bearing troubles. replacements necessary to carry. 

‚ Greater chance of failure due to 3. High cost of replacements. 
dirt, oil, water, and it requires 4. Larger filter system. 
more careful attention. 5. Requires more space in radio room. 
Not (usually) directly under ob- 6. Will not орега{е on the normal 
servation of operating personnel. electric supply on shipboard, hence 

. Higher first cost and probably requires a separate a-c turbo gen- 
higher operating cost. erator or motor generator. 

- Lower electric efficiency. 
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HOT-CATHODE MERCURY-VAPOR RECTIFIER TUBES 
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Summary—lIligh-voltage d-e power for radio transmitters has usually been 
obtained from d-c generators or through rectification of alternating current by means 
of high-vacuum tube rectifiers or mercury-arc rectifiers. A new type ef rectifier 
tube is described which combines the advantages of the high-vacuum tube with the 
low and nearly constant arc-drop of the mercury-arc rectifier. Typical tube char- 
acteristics and the method of operation are discussed. 

A method is given for rating rectifier tubes in terms of the fundamental limits 
of the tube, that is, peak inverse voltage and peak plate current. 

Single-phase and three-phase circuits are shown for use with the hot-cathode 
mercury-vapor tube. 


GENERAL 


HE problem of supplying a constant high voltage to the plate 
ее of transmitting sets has been previously met by the 

use of d-c generators, high-vacuum tube rectifiers and mercury- 
are rectifiers. Direct-current generators have been widely used in the 
moderate voltage fields and to some extent in the higher voltage fields. 
Vacuum tubes for the rectification of high-voltage alternating current 
have found inereasing favor in the higher voltage fields because of 
their reliability of operation and performance. The mercury-arc rectifier 
has found more favor in European transmitter design than in Ameri- 
can—the general practice being to connect several units in series in 
order to obtain the required output voltage. This paper describes a 
new type of rectifying tube which combines the high-voltage qualities 
of the vacuum tube with the efficiency and constant tube drop of 
the mercury-are rectifier. 

The new tube may be described as a gas-filled thermionic rectifier 
tube having a low and practically constant are-drop while carrying 
current, and capable of withstanding high inverse voltages. The 
idea of introducing a gas into thermionic tubes in order to neutralize 
the space charge is old, but with the exception of the “tungar” rectifier 
there seems to have been only a limited application of that idea. The 
tungar rectifier is filled with gas at a high pressure (3-5 em Hg) and 
can only operate at low voltages. The new type of tube operates in 
the presence of gas at a low pressure (1-30 microns Hg) and is capable 


* Dewey decimal classification: 621.313.73. Presented before New York 
meeting of the Institute, September 4, 1929. 
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of operating at relatively high voltages. The presence of gas at high 
pressure gives adequate protection from cathode evaporation and the 
more serious trouble, cathode disintegration by positive ion bombard- 
ment. At low pressures, this protective action against cathode eva- 
poration is negligible, and the successful development of the high- 
voltage tubes results from the discovery by Dr. A. W. Hull! that 
cathode disintegration may be completely avoided if the arc-drop is 
maintained below а definite critical value. For most of the common 
inert gases the critical value of are-drop at which the positive ions 
acquire sufficient kinetic energy to destroy the cathode lies between 
20 and 25 volts? In the developed tube, mercury vapor has been 
introduced to provide the gas for neutralization of the space charge.? 
The ionization potential of mercury vapor is 10.4 volts,‘ and the arc- 
drop of the tube is approximately 15 volts, which is well below the 
critical disintegration value (i.e., 22 volts for Hg vapor). 

The operation of the hot-cathode mercury-vapor rectifier tube is 
similar in several respects to that of the mercury-arc rectifier. In 
the mercury-vapor tube electrons are drawn from a heated cathode on 
the positive part of the cycle and these electrons in colliding with 
mereury molecules cause the vapor to ionize. In the mercury pool 
tube electrons are drawn from a cathode spot on the surface of the 
mercury to the anode, and these in colliding with mercury molecules 
cause the vapor to ionize as before. Both tubes exhibit the blue 
glow that is associated with ionized mereury vapor. On the negative 
or inverse part of the cycle when the anode becomes negative with 
respect to the cathode, electron current ceases and the glow completely 
dies out in the mercury-vapor tube. When the anode becomes nogative 
in the mercury pool tube, electron eurrent ceases and the glow around 
that anode dies out, but since it is necessary to maintain the cathode 
spot by auxiliary holding anodes, ionization is held in the body of the 
tube throughout the inverse cycle. In both types of tubes, the current 
which may be drawn is determined by the electron emission of the 
cathodes, but in the pool tube the amount of emission depends upon 
the size of the cathode spot which is determined by the eurrent through 
the tube. 


1 A. W. Hull and W. F. Winter, *The volt-ampere characteristic of electron 
tubes with thoriated tungsten filaments containing low pressure inert gas," 
Phys. Rev., 21, 211, 1923 (abstraet). 

?A.W. Hull, u Gas- filled thermionic tubes," Trans. A.I.E.E., 47, No. 3; 
July, 1928. 

з K. Н. Kingdon, "Neutralization of electron space charge by positive 
ionization at very low gas pressures,” Phys. Rev., 21, p. 408; April, 1923. 

* I. Langmuir, “Positive ion currents from the positive column of mereury 
ares," Science, 58, No. 1502, pp. 290-291, Oct. 12, 1923. 
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CoMwPARISON Wru Hicu-Vacuum RECTIFIER 


Perhaps the clearest description of the mercury-vapor tube may 
be gained from a comparison of its characteristics with those of the 
high-vacuum rectifier. The most striking difference between the two 
types is in the tube-drop. In the high-vacuum tube, electrons are 
drawn from a heated cathode and these in the passage to the plate build 
up а space-charge voltage-drop which depends upon the current 
drawn, element spacing, and so forth, and which may vary in magnitude 
from a few volts to several thousand. In the mercury-vapor tube the 
space charge is limited by the arc-drop of the vapor, which is practically 
constant at values between 12 and 17 volts regardless of the current 
drawn. The cathode for the higher power vacuum tubes is usually 
of the tungsten filament type which for equivalent emission and life 
requires approximately ten times the heating power of the oxide- 
coated or “Wehnelt” cathodes of the mercury-vapor tubes. 

As a direct comparison we may consider the advantages which the 
hot-cathode mercury-vapor tube rectifier has over the high-vacuum 
tube rectifier. They are 


(1) improved regulation of voltage output 
(2) efficiency 
(3) cost 


Since the tube-drop is practically constant, the regulation of the vol- 
tage output is that of the transformer, supply, and circuit. Overall 
regulation as low as 8 per cent has been obtained with mercury-vapor 
tubes operating in a three-phase full-wave circuit (to be described 
later) while that of the vacuum-tube rectifier is usually from 15 to 20 
per cent. Аз a comparison of tube efficiencies, we may consider six 
UV-214 high-vacuum water-cooled tubes operating in the usual three- 
phase, double-wye parallel circuit, and six UV-857 mercury-vapor tubes 
(which will be described later) operating in the three-phase full-wave 
circuit. Each circuit gives a wave form having a six-phase ripple. 
We may assume that a choke sufficiently large to give a Square cur- 
rent wave through the rectifier precedes any. capacitance in the filter 
circuit. The UV-214 rectifier under normal operating conditions will 
deliver a d-c output of 12 amperes at 15,000 volts. The space-charge 
loss at this output is approximately 18.7 kw and the filament power 
is 6.9 kw. (In the three-phase double-wye circuit the load current 
divides equally between the two wyes. Consequently, the space-charge 
loss which is due to a space-charge drop of approximately 1560 volts 
at 6 amperes is 2(1,560X6)=18.7 kw). The UV-857 rectifier will 
supply the same output with a tube-drop loss of approximately 
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0.36 kw and a filament power of 1.80 kw. (In the three-phase full-wave 
circuit two tubes in series carry the full load current. The tube-drop 
loss is therefore the arc-drop of two tubes times the load current or 
30X12=0.36 kw). The tube efficiency output divided by output 
and losses in the first case is 87.5 per cent and the second 98.8 per 
cent or à gain of 11.8 per cent for the mercury-vapor rectifiers. At 
20,000 volts, the UV-857 rectifier will give a d-c output of 400 kw 
with a tube efficiency of 99.4 per cent. Table I gives the compara- 
tive figures on the operation of mercury-vapor and high-vacuum tubes. 


TABLE I 
COMPARISON or Hiag-Vacuux AND Mercury-Vapor Tuse RECTIFIERS 


No. of | nadiotron о D-C Output Tube-Drop 


Losses à 
Tubes volts amps kw volts at amps Filament Tube-Drop Efficiency 
6 UV-214 3$ double Y | 15000 12 180 | 1560 6 6.9 kw 18.7 kw 87.5 per cent 
6 UV-857 | 3¢ full wave д iol 15 12 LS А 0.36 “ 98.8 per cent 
© UV-857 Boe ME 19100 20 382 15 203. 48 s 03095 99.4 per cent 


| | 


* Maximum rating 


The initial cost of the mercury-vapor tube rectifier is less for an 
equivalent rating than that of the high-vacuum tube rectifer. А 
power distribution transformer of standard design may be used in the 
three-phase full-wave circuit which is the most common one for the 
mercury-vapor tubes. The utilization factor? or the ratio of the trans- 
former capacity when used for rectification purposes to the a-c capa- 
city for the same temperature rise is approximately 96 per cent. The 
high-vacuum tube, in general, requires а special transformer whose 
secondary is subdivided, and the coils interlaced to reduce d-c satura- 
tion. For the double-wye circuit, the utilization factor is only 68 
per cent, that is, the secondary of the special transformer would re- 
quire 47 per cent more capacity than would be needed for an a-c 
load of the same capacity. In addition, the voltage and rating of the 
special transformer would have to be greater in order to compensate 
for the tube space-charge drop. For low-power outputs neither type 
of tube requires special cooling other than free-air circulation, but 
for the higher power outputs the high-vacuum tube requires a cooling 
medium, usually water, and the additional equipment necessary to 
provide a reliable and pure supply. 


TEMPERATURE LIMITS 


There are two definite temperature limits which govern the 
operation of the mercury-vapor tube. The minimum temperature 
corresponds to the vapor pressure of the mercury at which the arc- 


5 D. C. Prince, ‘‘Rectifier wave forms,” G. E. Rev., 27, 1924, p. 608. 
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drop begins to exceed the critical value for cathode disintegration. 
The maximum temperature corresponds to the vapor pressure of the 
mercury at which breakdown or are-back occurs on the inverse part 
of the cycle. The vapor pressure in the tube is determined by the 
temperature of the coldest part of the bulb. Mercury condenses 
at this point in the form of small drops and a measurement of the bulb 
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Fig. 1—Pressure and temperature of saturated mercury vapor. 


temperature (the drop through the glass being negligible) gives an 
accurate means of determining the vapor pressure. In Fig. 1 the 
pressure and temperature of saturated mercury vapor is given. 

The arc-drop, or tube-drop, as a function of mercury temperature 
is shown in Fig. 2. Within the limits of the present design this drop 
is practically independent of the size of the bulb and ihe electrode 
spacing. For mercury temperatures below 15 deg. C, which cor- 
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responds to ambient temperatures below 0 deg. C, the arc-drop begins 
to exceed the critical disintegration value. In the case of a thoriated 
tungsten filament, as an electron-emitting cathode, in a gas where the 
active material is a monatomic layer of thorium, a slight increase of 
arc-drop above the critical value will immediately deactivate the 
filament.? In the case of the oxide-coated filament the active material 
has appreciable thickness and it is therefore possible to operate for 
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Fig. 2—Tube-drop and are-back voltages as a function of mercury 
temperature for the UV-869 and UV-857 tubes. 


some time with an arc-drop above the critical value, but such operation 
results in cathode disintegration and consequent short life. High 
mercury temperatures decrease the arc-drop and are favorable for 
long cathode life. 

The arc-back curve shown in Fig. 2 represents the peak inverse 
potentials at which breakdown occurs as a function of the mercury 
temperature. The data were taken by gradually increasing the ambient 
temperature while the tubes (UV-869 and UV-857) were operating as 
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rectifiers under full load conditions. The difference of 15 deg. C be- 
tween the ambient temperature and condensed mercury temperature 
represents the designed temperature rise of the coldest part of the bulb 
above ambient. In Fig. 3 the flash back voltages for the UX-866 and 
UV-872 Radiotrons are given. These tubes are smaller and the arc- 
back voltages are lower than in Fig. 2. 
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Fig. 3—Tube-drop and arc-back voltages as a function of mercury 
temperature for the UX-866 and UV-372 tubes. 


TuBE RATINGS 


There are two fundamental tube limits whieh determine the power 
output that can be obtained from any number of tubes operating in 
any type of circuit. These ratings are: 

(1) maxirnum peak inverse voltage at which the tube can operate 
without flashing back, 
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(2) maximum peak plate current which the cathode can furnish 
with a reasonably long life. 
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Fig. 4—Single-phase full-wave rectifier circuit. 
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The maximum peak inverse voltage that can exist across a tube in 
any of the usual types of circuits is equal to the line-to-line peak or 
crest voltage of the power transformer less the voltage drop of the 
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Fig. 5—Voltages and current conditions for tube A of the single-phase 
rectifier circuit shown in Fig. 4. 


conducting tube. If we consider tube A in the single-phase full-wave 
rectifier circuit shown in Fig. 4 to be carrying current, its cathode is 
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practically at the positive potential of the transformer secondary since 
the arc-drop for the mercury-vapor tubes is so small that it may be neg- 
lected. The cathode of tube B is connected to the cathode of A, but 
the anode of tube B is connected to the negative end of the transformer 
secondary. Therefore, the full secondary voltage (Erms) is impressed 
across tube B, and the crest is the peak inverse voltage. On the last 
half of the cycle the transformer polarity reverses and tube B carries 
the current, while the peak inverse voltage builds up across A. 

The peak plate current depends upon the type of circuit, tube, 
filter, and load. In the single-phase full-wave circuit each tube must 
carry the full load current for half of the time. In the three-phase 
half and full-wave circuits each tube carries the load current for one- 
third of the time. If we consider a single-phase full-wave rectifier 
operating with mercury-vapor tubes and supplying a resistance load, 
the peak plate current is simply the maximum of the sine wave which 
averages to give the d-c ammeter reading. If sufficient inductance is 
placed in series with the load square blocks of current are drawn from 
the rectifier and the peak plate current approaches the d-c cutput 
current. When a condenser is placed across the rectifier output, 
plate current is drawn for only a part of the half-cycle, and the peaks 
may reach values of from three to five times that of the average or 
d-c load current. In high-vacuum tubes the peak current is usually 
limited by the definite emission limitation of the pure tungsten 
filament. The mercury-vapor tube in itself has not the same current 
limiting characteristic, and the value of the peak plate current will 
depend upon the transformer leakage reactance, the capacity of the 
condenser, and the load. Wherever possible, a small inductance should 
precede any condenser in the filter circuit. When special load require- 
ments prohibit the use of an inductance, the output should be reduced 
to conform to the peak current rating of the tube. Oscillograms of the 
peak currents for various filter conditions are shown later in Fig. 10. 

In connection with peak currerits, it is well to consider the effect 
of short circuiting the rectifier output, and also, the effect of arc- 
backs. The mercury-vapor tube in itself possesses no definite current 
limiting characteristic. The arc-drop is practically constant and inde- 
pendent of the current, and the cathode is capable of supplying 
transient emission currents which are greatly in excess of the rating. 
In the first case, the secondary is in effect short-circuited and the short- 
circuit current is limited only by the resistance and leakage reactance 
of the transformer. The short-circuit impedance of power transformers 
is usually of the order of 5 to 10 per cent of the rated impedance, 
which means that the magnitude of the short-circuit current may reach 
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values of 20-10 times normal. Ordinarily, the filter and power supply 
will increase the effective impedance somewhat and so limit the short- 
circuit current still more. Small high-voltage transformers, in general, 
have a rather high impedance and the short-circuit current is relatively 
low. The effect of are-back in one or more tubes is essentially the same 
as that of short circuiting the rectifier output. 


TUBE DROP - VOLTS 


ANODE CURRENT — AMPERES 


Fig. 6—Cathode emission characteristics as a function of arc-drop 
with constant mercury temperature (UV-869). 


The mechanism of arc-back or flash back has been fully described 
in investigations of the mercury-arc rectifiers®.” and will not be taken 
up here. 


9 a Do Prince, "Mercury arc rectifier phenomena", Journ. A.I.E.E., 46, 
667, 1927. 

* D. C. Prince and F. B. Vogdes, "Mercury arc rectifiers and circuits, 
1927," McGraw-Hill Book Company. 
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Tue CATHODE 


The cathode is one of the most important factors in the design of 
a mercury-vapor tube. In order to keep the arc-drop below the dis- 
integration value, the cathode must be capable of supplying the full 
anode current demand by electron emission. At the low-vapor pres- 
sures required for high-voltage operation there is very little protective 


ad 


Fig. 7—Hot-cathode mercury-vapor rectifiers. Radiotrons 
UX-866, UV-872, UV-869, UV-857. 
action against cathode evaporation and the entire function of the gas 
hecomes that of neutralizing the space charge. 

The curves shown in Fig. 6 represent the emission characteristics 
of а UV-869 tube for various filament temperatures with constant 
mercury temperature (30deg. C). The emission limit as indicated bythe 
arc-drop was not reached with 100 watts, which is the normal heating 
power of the filament, or with 80 watts for anode currents of twice 
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normal rating. In the 80-watt curve, however, hot-spotting began to 
appear. As the anode current is increased the arc-drop is subject to 
abrupt changes of one or two volts in either direction. These points 
are not reproducible and are probably due to the formation or burning 
out of active craters. Smooth curves are therefore drawn as represen- 
tative of the average tube-drop. Inthe 40-watt curve a crater was formed 
and then deactivated. If this tube had been operated in a high-voltage 
rectifier set with such a low-filament temperature, sputtering would 
probably have taken place giving rise to high-speed electrons and 
probable puncturing of the bulb. The broken curve represents an 
experimental tube having a poorly activated filament. In this case the 
tube-drop increased rapidly until an equilibrium point was reached at 
whieh the positive ion bombardment of the filament and the radiated 
energy from the arc stream became sufficient to raise the filament 
temperature and so increase the supply of electrons. The life of a 
tube operating with such a high drop is short. 


Нот-Слтноре MxERcURY-VAPOn RADIOTRONS 


Fig. 7 shows the hot-cathode mercury-vapor Radiotrons? as 
developed for radio power supply purposes. The ratings in terms of 
peak inverse voltage and peak current are given in Table II. The 
lower voltage tubes, UX-866 and UV-872, are capable of supplying 
bias and plate power for the intermediate stages of commercial broad- 


TABLE II 
Нот-Слтноре MxnRcuni-Varon Тов RATINGS 


Radiotron Filament | Peak Inverse Voitage Peak Anode Current 
volts amps | (amperes) 
L4 MERE as = 
UX-866 2.5 $ | 5000 0.6 
UV-872 5 10 | 5000 5 
UV-869 5 20 20000 5.0 
UV-857 5 60 | 20000 20.0 


casting transmitters. In addition, they furnish an excellent means of 
obtaining rectified power at potentials up to 5000 volts and currents 
upto2.5amperes. The UX-866 was especially designed for furnishing 
a plate power supply for the amateur transmitter. The higher voltage 
tubes UV-869 and UV-857, properly grouped, will supply rectified 
power outputs of about 100 and 400 kw, respectively, at approximately 
20,000 volts direct current. At the present time this amount of power 
is sufficient for the final output stages of most transmitters. 


* Manufactured jointly by the General Electric and Westinghouse Com- 
panies for the Radio Corporation of America. 
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CIRCUITS 


The circuits most commonly used with the mercury-vapor tubes are 
shown in Fig. 8. The single-phase full-wave and the three-phase 


+, SINGLE PHASE FULL WAVE 2 TUBES 
E AVERAGE = «3/8 E- MAXIMUM 
£ E 7450 ERMS 
RMS 
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SINGLE PHASE FULL WAVE 4 TUBES 
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Fig. 8— Circuits for hot-cathode mercury-vapor tubes. 


half-wave circuits are widely used and need no further explanation. 
The three-phase full-wave circuit, however, is new. It was suggested 
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by D. C. Prince as being particularly applicable to the half-wave 
mercury-vapor tube. From the tube standpoint it possesses the de- 
cided advantage of giving a peak inverse voltage whose magnitude is 
only 4.5 per cent greater than the average output voltage. The wave 
form is that of a six-phase rectifier. In Fig. 9, the wave form is de- 
veloped and the current transfer for each tube indicated. If we consider 
the transformer to have such a phase rotation that oa is just swinging 
positive with respect to the cathodes of tubes 1, 3, and 5and oc is neg- 
ative with respect to the plates of tubes 2, 4, and 6, tube 3 will 
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Fig. 9—Three-phase full-wave circuit with output voltages developed 
and current conducting period for each tube indicated. 


start rectifying and the circuit is completed through the load and 
back to the transformer through tube 6. The full voltage of the trans- 
former (peak inverse voltage) is thus impressed across tubes 4 and 
5. Sixty electrical degrees after tube 3 begins to carry current, the 
voltage of ob becomes more negative with respect to the plates of the 
lower tubes than oc, and the current transfers from tube 6 to tube 2. 
One method of visualizing the operation is to consider a triangle 
revolving about a center which сап move vertically but not horizon- 
tally, and between a fixed and movable plane. The movable plane will 
describe the voltage output of the circuit. The circuit possesses the 
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further advantage that there is no d-c saturating current in the wind- 
ings of the transformer and that the transformer utilization factor is 
higher (approximately 96 per cent) than for any other type of rectifier 
circuit. 

If voltages higher than the tube ratings are desired, units may be 
connected in series. Higher currents may be obtained by connecting 
units or tubes in parallel through current dividing reactors. 

The oscillograms, Fig. 10, represent the voltage and current condi- 
tions for a three-phase full-wave rectifier supplyinga resistance load with 
(1) no filter, (2) an inductance filter, (3) a condenser filter. The peak 
currents are somewhat less in this case than for the single-phase full- 
wave circuit shown in the next graph (4). The last oscillogram (5) 
shows the voltage across one tube in the three-phase full-wave circuit. 
(The oscillograms were retraced to facilitate reproduction by photo 
engraving.) 
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Fig. 10a—Output voltage and current of a three-phase full- 
wave rectifier with a resistance load. 
Curve A,—voltage across load 
Curve B—timing wave, 60 cycle 
Curve C;—anode current 
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Fig. 10b—Output voltage and current of а three-phase full- 
wave rectifier with an inductance filter. 
Curve A,-—voltage across load 
Curve B—timing wave, 60 cycle 
Curve Cj—anode current 
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Fig. 10c—Output voltage and current of a three-phase full- 
wave rectifier with а condenser filter. 
Curve A,;—voltage across load 
Curve B—timing wave, 60 cycle 
Curve C,— anode current 
Curve C;—d-c load current 


Fig. 10d—Output voltage and current for single-phase 
full-wave circuit with a condenser filter. 
Curve A,—anode current 
Curve A4;—d-c load current 
Curve B—timing wave, 60 cycle 
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Fig. 10e— Tube-drop and peak inverse voltage across one tube 
in а three-phase full-wave circuit. 
Curve A,—voltage across one tube 
Curve B,—timing wave, 60 cycle 
Curve C,—anode current through one tube 
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Discussions on 
HOT-CATHODE MERCURY-VAPOR RECTIFIER TUBES* 


Н. C. Steiner AND Н. T. Maser 


and 
PLATE-VOLTAGE SUPPLY FOR NAVAL VACUUM-TUBE TRANSMITTERS* 
E. C. RAGUET 


Н. E. Hallborg: Some practical problems of conirol and installation arise 
in connection with the use of high-voltage rectifiers, particularly the hot-cathodc 
mercury-vapor rectifier, a few of which will be cited. 

It has been found most practical in high-power, short-wave installation 
to mount the rectifier equipment in the basement, and the radio-frequency 
equipment on the floor above. This arrangement is in line with motor-generator 
practice where the rotating equipment is commonly remotely located from its 
load. 

The various operations of starting and stopping, and change of voltage 
tap must consequently be performed by remote control. Filament control is 
obtained by contactors operated by push buttons from the floor above, with 
various position indicator lights, including a reduced voltage position so that 
low voltage may be placed on the tubes when starting. A drum switch on the 
power amplifier panel on the upper floor operates a series of magnetic contac- 
tors which change the rectifier transformer taps, thus affording flexible means 
of changing plate voltage. 

The bringing of the output voltmeter and ammeter leads within range of 
the operator on the upper floor requires that the leads be protected against 
high voltage due to an open circuit which might result in danger to the personnel 
or equipment. This detail is taken care of by providing a gas-filled protector 
tube which will connect the open lead to ground if the voltage builds up iri 
excess of the glow voltage of the tube. 

The demand for protection to the rectifier tubes against overloads or im- 
proper operation is also an operating consideration. The rectifier equipment is 
entirely enclosed in a metal grille provided with access doors, so interlocked that 
the opening of any door automatically functions to remove all dangerous volt- 
ages. À controlis also provided in the plate-voltage shifting process so that no 
damage is done to the switch contacts due to shifting voltage under power. 

I had the pleasure recently of meeting a representative of a British tube 
manufacturing company who had spent several months in this country visiting 
the various radio plants and tube factories. When he was about to leave for 
England, I asked him if he carried back with him any outstanding impressions 
of American radio development. He replied without а moment’s hesitation, 
“Yes—it is your development of the hot-cathode mercury-vapor tube." 

W. C. White :? In the first paper this evening, mention was made of interrup- 
tion of service due to tube failures as among the disadvantages of the rectifier. 
In the case of the hot-cathode mercury-vapor tubes there is a point of advantage 
relative to the high-vacuum type. By means of the color, and shape of the glow 

dura ie before New York meeting of the Institute, September 01886 
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inside the tube a failure may often be predicted or seen somewhat ahead of 
time. 

For instance, if the vacuum is slightly impaired, due to the cracking of 
the glass from some accidental cause or impairment of vacuum due to over- 
load, à person experienced in operating the tubes will often be able to tell that 
something is the matter and that the life of the tube is approaching its end. 
In the case of a tube failure from one cause or another, the shape of the glow 
in the particular tube often is characteristic of the nature of the trouble. It is 
a thing that cannot be easily described, but to one who has operated these tubes 
а good deal this color and shape of the glow tell quite a story. 

One other point: If in certain applications it is very essential to prevent 
failures during operation it is possible by a simple testing apparatus to test the 
tubes at intervals, and by keeping track of the readings predict failures in those 
cases a few hundred hours ahead. Of course, this is not always possible, but by 
means of these two points I have brought out, failures of tubes and interruption 
of service can be reduced to a rather small minimum. 

R. M. Arnold:? I believe there is one economic factor which has been dis- 
regarded in the comparison of the relative costs of motor-generator plate-cur- 
rent supply vs. rectified alternating current. It is my understanding that the 
costs of the rectifiers include the filter system, while those on the motor genera- 
tor do not. If this is taken into account, the case for the rectifier becomes more 
favorable. 

Another point was, in the case of the C. G. Navy specification tube men- 
tioned in the first paper, which was giving a life of 2500 hours and ап expecta- 
tion of 5000 hours on the 22-volt tube, that tube, I believe, was a high-vacuum 
tube, because insofar as I know, the hot-cathode mercury-vapor tube has to 
have a filament whose peak voltage is less than the ionization voltage of the 
mercury vapor. I believe the mercury-vapor tube will show considerably better 
life under their normal rating than the high-vacuum tube. 

W. C. White: The 22-volt tube was a high-vacuum tube. You are correct 
inassuming that the voltage has to below across the filament of the hot-cathode 
mercury-vapor tubes. As far as its life goes, it is expected and hoped that some 
tubes will last 20,000 hours, but 20,000 hours is about three years’ service, and 
they are not that old yet. 

Frank R. Stansel:: What is the routine test suggested for locating the end 
of the mercury-vapor life? 

Н. C. Steiner:* The routine test, or rather the test which Mr. White men- 
tioned, in general, consists of measuring the arc-drop of the tube at something 
like double current rating. That is, with а d-c potential applied to the plate of 
the tube and sufficient series resistance to limit the plate current to double 
rating, the arc-drop should not under equilibrium conditions exceed 13 to 20 
volts. If thearc-dropis very much above this (i.e., 22-24 volts) опе may consider 
that. the tube is reaching the end of its life. 

А second method which is perhaps more accurate is to measure the peak- 
voltage drop across the tube by means of a peak-reading voltmeter while the 
tubeis operating. This requires special equipment and for high-voltage work is 
a little more difficult than the d-c measurement. 
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R. M. Arnold: In the design of power rectifiers in these tubes the point 
was brought up that the standard distribution transformers could be used. 
Does that mean that no regard should be given in the transformer to the d-c 
polarizing? 

Н. C. Steiner: The absence of a.d-c saturating or polarizing current in the 
case of the three-phase, full-wave circuit is one of the advantages of the circuit. 
In operation, current is carried for a third of a cycle in one direction by the 
transformer winding which is most positive and in the opposite direction for a 
third of a cycle when the polarity of the winding reverses. Consequently, as 
far as the transformer is concerned we are supplying an a-c load, and standard 
distribution transformers may be used. 

R. M. Arnold: D. C. Prince, in one of his previous papers on high-vacuum 
rectifiers, made the point, as I remember it, that the shell-type three-phase 
transformer was the only type of construction which would give him the 
desirable feature.of the polarizing. Is that still desirable in the case of this tube? 

Н. C. Steiner: I believe that Mr. Prince was referring to the three-phase, 
half-wave circuit which is commonly used in high-vacuum tube rectifiers. In 
that case, each winding carries current in only one direction, and therefore some 
means must be taken to prevent d-c saturation. 

The use of mercury-vapor tubes would not help saturation since it is in- 
herent in the type of circuit. 

Austin Bailey:* I should like to ask if it is possible to operate these tubes 
in parallel, and thereby obtain greater output, or whether it is necessary to 
have the entire conducting path enclosed in a single envelope. 


Н. T. Maser:? It is possible to use these tubes in parallel provided a cur- 
rent dividing reactor is used. The mercury-vapor tubes possess the character- 
istic of а negative resistance when carrying current, and since the drop across 
each tube is not exactly the same, a current dividing reactor must be used. 

J. G. Nordahl:* I should like to ask how to order transformers for rectifier 
service. When a resistance load is used, the average d-e voltage, the integra- 
tion under the sine wave divided by the base, is had. When a large inductance 
is used in the filter, the load current is almost square-topped. This causes com- 
mutation, I believe, which causes the average d-c voltage to drop. How would 
we order transformers for this service? 

H. C. Steiner: Ordinarily, we don't pay any attention to the effect of com- 
mutation, that is, the short-circuiting of the voltage output through the tubes, 
when we have an inductance in the cireuit. It amounts to a loss, I believe, of a 
few per cent of what we would get if we caleulated the voltage on a straight 
resistance load basis. 

There is one other point which should be considered, and that is the 4-с 
drop across the filter reactors. In small rectifiers where the d-c resistance of 
the filter reactors may be of the order of 1000 ohms, the voltage-drop is appre- 
ciable. In large rectifiers the reactor resistance is low, and the 4-с voltage-drop 
islow. The output voltage is influenced to some extent by the design balance 
of inductance and capacity in the filter—the effect of capacity being to increase 
the output voltage. 
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J. D. Nordahl: We have had some trouble with that. However, I find that 
taking into account the drop aeross the choke coil in à single-section filter, that 
is, using а choke next to the tube, then a condenser, the drop due to commuta- 
tion is about 5 per cent, so the transformers have to be ordered about 5 per cent 
higher. That may be due to the transformers we have. 

H. C. Steiner: Are you using a single-phase circuit or the three-phase full- 
wave circuit? 

J. б. Nordahl: I am at present using a three-phase single-wave circuit, 
but have used various other types of circuits which have not been studied as 
thoroughly. 

Н. C. Steiner: I believe that the trouble is probably due to the transfor- 
mer, that is, the regulation due to the resistance of the windings and the leak- 
age reactance. Also, in the three-phase, half-wave circuit you have the possi- 
bility of saturation which would tend to reduce the output, voltage. 
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NOTE ON THE STABILITY OF BALANCED HIGH- 
FREQUENCY AMPLIFIERS* 


By 
J. R. NELSON 


(Research Laboratories, National Carbon Company, Inc., Cleveland, Ohio) 


Summary—The question of stability in a balanced or neutralized radio- 
frequency amplifier is considered for one stage. Experimental and theoretical curves 
are given for the amplification including regeneration as the plate to control grid 
capacity їз varied in a balanced or neutralized radio-frequency amplifier. 

The results are discussed for n stages of an impedance coupled amplifier by using 
the author's general equation for the limit of stable amplification А, <V/29,,/naCo 
obtained for one stage. 

The desirability of using a new tube factor /g,,/Co to compare tubes designed 
for use in high-frequency amplifiers is also discussed. 


NE important consideration in the design of neutralized or 

balanced radio-frequency amplifiers has been neglected in the 

literature of the art. This consideration is that of designing 
the amplifier so that it will be stable for the greatest possible variation 
of the control grid to plate capacity in the tubes used. The reason for 
neglecting this factor has probably been the difficulty of analyzing 
the effect of regeneration mathematically. The problem is quite 
important as the mutual capacity of tubes of the same type varies 
considerably, and it is desirable to have the amplifier stable with any 
tube of the same type for which it is balanced. І 

In а previous paper! the author derived an expression for the 
limit of stable amplification per stage of an n-stage amplifier in terms 
of the mutal capacity, mutual conductance, frequency and trans- 
former constants. This expression A,<1+/2y,,/nwCy shows that for 
the same amplification the value of C, to cause oscillations would 
vary with the mutual conductance. 

In the problem considered here it will be assumed that the value 
of non-regenerative amplification will not be affected by the addition 
of the neutralizing or balancing circuit. In practice, the amplifier 
would be balanced with tubes having close to average values of con- 
trol grid to plate capacity. In the experimental verification it was 
necessary to balance the stage and vary the balancing capacity leaving 
the tube capacity constant. It was assumed that when the balancing 
capacity was varied a certain percentage the same regenerative am- 


* Dewey decimal classification: R132. A 
1 J. К. Nelson, “Circuit analysis applied to the screen-grid tube.” Proc. 
I. В. E., 17. 320; February. 1929. 
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plification would be obtained as if the balancing capacity were left 
constant and the tube capacity varied the same percentage. The value 
of Со used to calculate the amplification was found by expressing the 
difference between the capacity required to balance the stage and the 
capacity used as a percentage and multiplying the control grid to 
plate capacity of the tube by this percentage. 

In the previous paper the results were considered for л stages. 
In this paper the regenerative amplification will only be calculated 
and measured for one stage. The behavior of n stages may be found 
from the results obtained for one stage by using the equations developed 
in the previous paper.! 

T 


Fig. 1-A—Single-stage tuned input tuned output. 


Fig. I-A shows the circuit that will be considered and Fig. 1-13 as 
the equivalent transformed circuit. Beatty? derived the following 
equation for A, of one stage considering regeneration. 


€2 


Av=—=j AF (1) 
€1 
where 
1 
y 05i tan 6,) (1--j tan 0) --jH (2) 
m (6 
Hae (3) 
91094-92) 
И 
А= (4) 
Jp tge 
| e(Ci-- C) - VeL, 


tan б, (5) 
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2 R. T. Beatty, “The stability of the tuned-grid tuned-plate h-f amplifier,” 
Experimental Wireless and Wireless Engineer, 3, January, 1928. 
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= w(C2+C)) = 1/oLs 


tan 0 (6) 
i g2+9p 

gı =R,/wL? (7) 

g= Ro/ o? L3. (8) 


These results are derived for impedance-coupled circuits. To 
reduce these results to transformer-coupled circuits it is necessary to 


Fig. 1-B—Equivalent circuit of Fig. 1-A. 
use the effective-turn ratio r which is the ratio of the secondary in- 
ductance to the mutual inductance. The factor A, which is the non- 
regenerative amplification, becomes: 
Jm | 
gp T 9. 
The effect of the resistance of the preceding tube r, is taken into 
account by adding a resistance w*M,?/r, to Ri. The value of gı in (7) 
becomes: 


А= T (9) 


ORebe?M tfr, 


why? 
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The vector F is the regeneration factor. Beatty? showed that the 
vector 1/F is the distance between H and a parabola, and that the 
circuit would oscillate when Н was 2 or greater. The author! showed 
that mathematically the limit of 2 was correct for one stage. Fig. 2 
shows the value of F plotted against the value of H assuming both the 
input and output circuits of Fig. I-A are tuned for the greatest possible 
amplification. 
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Fig. 3— Voltage amplification vs. percentage of C;— p 
in а balanced circuit using à CX-340 tube. 
Jm 428 107% mhos 
р 30.8 
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'Tube Constants 


Fig. 3 shows an experimentally determined amplification curve, 
using а CX-340 tube, obtained by varying the balancing condenser 
and leaving the grid to plate capacity fixed. This curve has the am- 
plification plotted against balanced percentage of tube capacity. The 
calculated points are indicated by crosses. The constants of this 
circuit after transferring the circuit similar to Fig. I-B are given in 
Table I. 
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TABLE I 
Constants or Circuit Uskp то MEASURE REGENERATIVE AMPLIFICATION 
Li Li M Gi G: T w А Co iT F 
microhenries micromhos [7374 

240 240 50 & 178 4.8 8.35 X105 10.36 0 0 m 
0.19 0.455 ЛЕТ 
0.38 0.91 1.47 
0.57 1.36 2.39 
0.76 1.82 8.0 


There is fairly close agreement between the theoretical and the 
experimentally determined curves. The assumption that the same 
amplification will be obtained whether the mutual capacity of the 


tubeor the balancing capacity is varied is justified from the experimental 
curve. 
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Fig. 4— Theoretical voltage amplification vs. percentage of 
C, — p in а balanced circuit. 
A—CX-340 tube with C,— p 8.8 ци} 
B—CX-301A tube with C, —p 8.0 пиј 


Fig. 4 shows two calculated amplification curves considering re- 
generation. These curves were calculated by using average values of 
the CX-340 type and the CX-301A type tubes. The same secondaries 
were used in each case and the mutual inductances were calculated to 
give the same non-regenerative amplification. The circuit constants 
are given in Table II for each type of tube. 
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TABLE II 


is Li " M Gi G: т в А Co Н F 
mierohenries micromhos uef 


Constants FOR Circuit Usine CX-340 Товк 


240 240 42 8.12 252 5.71 9X108 9.02 0 0 1 
0.088 0.162 1.02 
0.264 0.486 1.125 
0.440 0.81 1.34 
0.616 1.134 1.79 
0.792 1.458 2.72 
0.968 1.782 6.6 

Constants FOR Circuit Using CX-301A Tuss 

240 240 22 8.57 911 10.9 9X108 9.07 0.32 28 . 1.043 
0.96 0.84 1737 
1.44 1.26 2.06 
1.6 1.4 2.48 
2.0 1.75 5.84 


Fig. 4 shows how the stability of а balanced amplifier considering 
the control grid to plate capacity as the variable may be affected by 
the choice of different types of tubes. It is easily seen that certain 
types of tubes are preferable to other types provided that it is possible 
to design the amplifier to give the non-regenerative amplifieation de- 
sired with the type of tubes considered. 


GENERAL DISCUSSION 


The general case will be discussed only for the case of impedance 
coupling. The conductance for this case is the same whether consider- 
ing the plate circuit of one tube or the grid circuit of the succeeding 
tube. If transformer coupling is used or the input to one stage is an 
antenna coil, the case may be considered in а manner similar to the 
preceding analysis in this paper. 

The point of most interest is how the curves of Fig. 4 would be 
affected by the use of m stages instead of one stage. In the paper 
previously referred to it was shown that the constant Н becomes H/n 
for n stages. This means that if all the tubes used had the same effective 
Со, the curves of Fig. 3 would only be 1 /n as wide for n stages as they 
would be for one stage. 

The curves similar to Fig.4 for n stages could be made the same 
width as those of Fig. 4 by decreasing the amplification. From the 
general formula A,<~/2gn/nwCo it is seen the the limit of stable 
amplification decreases inversely as the square root of n as n is made 
larger than unity. The value of H in (3) for n stages becomes 


Н —ngscCo/gi(go--g2) or ngu Co/ 9? . (11) 


There are two conductances in (11). In order to obtain the same 
value of Н for n stages as for one stage it is necessary to multiply 
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each conductance by the square root of n. The voltage amplification 
is gm/g, so that to have the same width curves for n stages as we have 
on Fig. 4 it would be necessary to reduce the non-regenerative am- 
plification by 1/4/n. i 

The results obtained indicate the advisability of considering a 
new tube factor Vgm/Co as a comparison of tubes designed to use in 
. high-frequency amplifiers. The higher this factor, the higher the limit 
of stable amplification will be. The tube with the highest value of 
Vgm/Co would be the best one to use in any balanced or neutralized 
amplifier, as can be seen by writing (11) as 


H=nAZwlo/gm. (12) 


Equation (12) shows that as Vg m/Co is made larger the value of 
Н for any given value of A, will decrease so that the width of the re- 
generative amplification curves would increase, making the amplifier 
more stable. 
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PUSH-PULL PIEZO-ELECTRIC OSCILLATOR CIRCUITS* 


By 
J. R. Harrison 
(Department of Physics, Wesleyan University, Middletown, Connecticut) 


Summary—Comparative tests have been made of five different push-pull 
piezo-eleciric oscillator circuits. Two of these circuits use three-element tubes: 
(1) crystal in four-electrode mounting connected to the grids and anodes, (2) crystal 
in two-electrode mounting connected to the grids. The other circutts use four-element 
tubes, (3) screen-grid tubes with the crystal in a four-electrode mounting connected 
to the control grids and anodes, (4) space-charge-grid tubes, quartz erystal in four- 
electrode mounting connected to the control grids and anodes, (5) space-charge-grid 
tubes, crystal in two-electrode mounting connected to the control grids. These circuits 
have been tested at 90 ke for relative power output and variation of frequency with 
circuit constants. The type UX-210 tube was used with the circuits (1) and (2) and 
type UX-865 screen-grid tube with the circuits (8), (4), and (5). The ratios of the 
power outputs at 90 kc of the circuits (1), (2), (8), (4), and (5) are 10.7, 9.6, 12.9, 
1.68 and 1.0, respectively. The power output of circuit (8) at 815 volts with the grid 
bias through 2-megohm resistors was 0.50 watt at 90 ke. Using the same circuit with 
450 volts on the anodes and the grid bias through chokes the power output was 5.20 
watts. Considering the low frequency these are reasonable values. The power output 
of the circuits (4) and (5) is abnormally small, but this may be due to the fact that 
the U X-865 is not particularly well adapted for use in this type of circuit. The 
circuits have variations of frequency with circuit constants of the вате order of 
magnitude as has been found with the Pierce oscillator. The circuit of Fig. 3 is 
particularly adapted to use with crystals at flecural vibration frequencies. 


published, however, on the characteristics of this type of circuit 

when used as a piezo-electric oscillator. The present work is a 
study of various crystal circuits of this type using three- and four- 
element tubes. The problem was undertaken primarily to determine 
the desirability of using this type of circuit with quartz crystals at 
flexural vibration frequencies. For this reason practically all of the 
observations here recorded were made at frequencies lower than 
100 ke. 

Fig. 1 shows a push-pull quartz oscillator circuit using two three- 
element tubes. The crystal © has a mounting of four electrodes, 
A, B, C, and D. One pair of electrodes BD is connected to the input 
of the amplifier, i.e., the grids of the vacuum tubes, and the other pair 
AC is connected to the output or the anodes of the vacuum tubes. 
Connected in this manner the crystal can feed back energy from out- 
put to input and thus set up sustained oscillations in the circuit. 


Роа circuits are of course well known, nothing has been 


* Dewey decimal classification: R214. 
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These conditions сап be satisfied for any mode of vibration of the 
crystal, so the output circuit LC is tuned to the mode of vibration we 
wish to excite. In this work it has been found convenient to use two 
coils of the same size in series instead of a single center tapped coil. 
The inductance Ch is a choke coil to exclude oscillatory currents from 
the anode potential supply branch of the circuit. The power output 
is very much increased if the grid circuit resistors R) and №, are replaced 
by choke coils. This circuit belongs to the general type of quartz 
oscillator first described by Cady! where the crystal functions as a 
coupling device between the input and output circuits of an amplifier. 
Difficulty has been experienced with this circuit (Fig. 1) and with 
the others of this type here described because of sparking between 
the crystal and the electrodes of its mounting. It can be entirely 


—-. Ch 
ie, | 


Fig. 1—Push-pull piezo-electric oscillator with three-element tubes using 
feedback through the erystal. 

eliminated by mounting the crystal in an evacuated chamber with a 

vacuum of approximately 0.01 mm, when the residual gas is ordinary 

air. At low anode potentials of 150 volts or thereabouts the Sparking 

is not usually noticeable, even though the crystal is not mounted in 

vacuum. 

In the circuit of Fig. 2, two three-element tubes are also used. The 
crystal Q has a mounting consisting of two. electrodes A and B, which 
are connected to the grids or input of the amplifying system. This 
circuit belongs to the general type of quartz oscillator first described 
by Pierce? where the crystal functions as an inductive or capacitive 
reactance. Oscillations are sustained in this type of circuit by energy 
feedback through the interelectrode capacity of the vacuum tubes. 


1 W. С. Cady, Proc. I. В. E., 10, 83; April, 1922. 
2 G. W. Pierce, Proc. Amer. Acad., 59, 81, 1923. 
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In this circuit (Fig. 2) it is the grid-anode interelectrode capacity of 
the tubes. Higher anode potentials can be used with this type of cir- 
cuit than with the circuit of Fig. 1 without encountering sparking 
between the crystal and the electrodes of its mounting. Tests indicate 
that in all push-pull crystal circuits the danger of breaking the crystal 
at a given anode potential is very much greater than when using a 
Pierce circuit with a single tube. This may seem curious when it is 
found that the current in the crystal is less in the push-pull circuit 
than in the Pierce circuit. It is obvious that with any given type of 
erystal-oscillator circuit the crystal vibrates at some particular 
point on the resonance curve. This point may be on either side of the 
peak of the curve depending on the circuit. So then when the crystal 
is transferred from one type of circuit to another it may be expected 


T 
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Fig. 2—Push-pull piezo-electric oscillator with three-element tubes using feed- 
back through the tubes. 


to vibrate at a slightly different frequency. This means too that there 
is a slightly different phase relationship between voltage and current. 
Quite different currents through the crystal may be expected in cir- 
cuits of different types even though the power output is the same. 
The current through the crystal alone is not a measure of the stress in 
it. Stress depends not only on current but on nearness to the resonance 
frequency. This probably explains why the crystals break more easily 
in push-pull circuits. 

In the circuit of Fig. 3 two screen-grid four-element tubes are used. 
The crystal has a four-electrode mounting and acts as а coupling 
device between the input and output circuits. This circuit operates in 
a similar manner to the circuit of Fig. 1. At low frequencies (100 ke 
and lower) it is а great advantage to use the screen-grid tube. It is 
much easier to make a crystal oscillate when using this type of tube 
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at these frequencies, and the power output is usually much larger 
than with a three-element tube. The advantage is largely due to the 
high amplification factor of the screen-grid tube. 

It is not unusual to find that a crystal oscillates at either one of two 
frequencies very close together for a given mode of vibration when 
using the type of circuit shown in Figs. 1 and 3. These twin oscillation 
frequencies, which have been described elsewhere,? simply indicate 
that the conditions for oscillation in the circuit are satisfied at two 
points on the same resonance curve of the crystal. At one of these 
points the crystal is acting as a coupling device between the input and 
output of the amplifier, and at the other it assumes the role of a reac- 
tance connected to the input of the amplifier. The former case corre- 
sponds to the conditions in the Cady type of oseillator, and the latter 
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Fig. 3—Push-pull piezo-electric oscillator with screen-grid tubes, using feedback 
through the crystal. 


to the Pierce type. When screen-grid tubes are used as in Fig. 3 the 
latter type of the twin oscillation frequencies can be eliminated if the 
pairs of electrodes AC and BD are suffieiently far apart. One ortwo 
em is usually a great enough distance. When the input and output 
electrodes of the crystal mounting are close together, a capacity is 
introduced between the control grids and anodes of the vacuum tubes 
which transmits sufficient energy from output to input to sustain 
oscillations at the second oscillation frequency. The screen-grid push- 
pull circuit (Fig. 3) is particularly recommended for use with flexural 
vibrations. Care must be exercised, however, when using anode 
potentials of 400 volts or higher. On two or three occasions while using 
the flexural vibration mounting‘ the circuit was tuned for considerably 


3 J. К. Harrison, Proc. I. R. E., 16, 1455; November, 1928. 
* Т. R. Harrison, Proc. I. R. E., 15, 1040; December, 1927. 


Harrison: Push-Pull Piezo-Electrie Oscillator Circuits 99 


higher frequency than for flexural vibrations and the crystal was 
shattered: The frequency at which the shattering occurred, ac- 
cording to the condenser setting, was in the neighborhood of the fre- 
quency for longitudinal vibrations due to the transverse effect. 

Tests indicate that the variation of frequency of oscillation of these 
push-pull oscillator circuits with circuit constants such as anode and 
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Fig. 4— Push-pull piezo-electric oscillator with space-charge-grid tubes using 
feedback through the crystal. 

filament potentials are of the same order of magnitude as those 


found with the Pierce oscillator circuit. The power output from these 
circuits is usually about one and one half times that obtained when 
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Fig. 5—Push-pull piezo-electric oscillator with space-charge-grid tubes using 
feedback through the tubes. 


using the same crystal in a circuit using but one vacuum tube of the 
same type. Аз with single tube circuits, the power output obtainable 
diminishes toward the lower frequencies. For example at 1100 kc 
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it is not difficult to obtain a power output of 20 watts with a push-pull 
circuit, but at 50 ke 5 watts was approximately the maximum power 
obtained. These results represent averages from several crystals. 

Fig. 4 illustrates another push-pull oscillator circuit using four- 
element tubes. Here the vacuum tubes function as space-charge-grid 
devices. The crystal has a four-electrode mounting which is coupled 
between the input and output of the amplifier as in Figs. 1 and 3. 

Fig. 5 illustrates another push-pull space-charge-grid tube circuit. 
Here the crystal mounting has two electrodes which are connected 
to the control grids. 

The power output was found to be very small with the circuits 
of Figs. 4 and 5 when the UX865 four-electrode tube was used. The 
power was about one tenth of that obtained with the circuit of Fig. 3 
using the same tubes and crystals and approximately the same circuit 
constants. The UX865 is designed for use as a sereen-grid tube and, 
therefore, is probably not well adapted to use in this type of circuit. 
The ratios of the power outputs at 90 ke of the circuits (Т) О (о 
(4), and (5) are 10.7, 9.6, 12.9, 1.68, and 1.0, respectively, using the 
types of tubes mentioned. 

The author is very grateful to Professor Cady for the facilities and 
assistance placed at his disposal in doing this work. 
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LONG-WAVE RADIO RECEIVING MEASUREMENTS AT THE 
BUREAU OF STANDARDS IN 1928* 


By 
L. W. AUSTIN 


(Laboratory for Special Radio Transmission Research, Bureau of Standards, Washington, D. C.) 


Summary—This paper gives monthly averages of daylight signal intensity at 
Washington for 1928 from a number of European and American low-frequency 
stations. The annual field intensity averages of both European and nearby American 
stations were found slightly lower than those of 1927, while atmospheric disturbances 
varied litile from the year before. 


HE monthly average daylight signal intensities of stations 

at various distances, measured in Washington in 1928, are 

given in the following tables. The tables also contain the 
monthly average intensity of atmospheric disturbances (static). 


TABLE I 


TRANSMISSION Data, 1928 


Frequene Wave length | Antenne Effective Distance 
Fiko Y d(m) S current height (km) 
I(amperes) h(m) 
LY,* Bordeaux an 15.9 18,900 535 180 6160 
FU, Ste. Assise, Paris) 15.0 20.000 475 180 6200 
FT,* Ste. Assise, Paris 20.8 14,400 344 180 6200 
AGW,* Nauen, Berlin 16.5 18,100 414 170 6650 
AGS,* Nauen, Berlin 23.4 12,800 389 130 6650 
GBR,* Rugby 16.1 18,600 685° 185 5980 
GBL,* Leafield 24.4 12,300 210 75 5900 
GLC, Carnarvon 31.6 9, — — 5840 
KET,* Bolinas, San 
Francisco 22.9 13,100 600 51 3920 
IRB, Rome | 20.8 14,400 — — 7160 
NAU,* Cayey 33.8 8,870 104 | 120 2490 
NPL,* San Diego 30.0 10,000 | 89 120 3700 
PCG, Kootwijk 16.8 17,800 | — -— 6100 


* Daily antenna currents reported. Other antenna currents more or less uncertain. 
° Six months average only. 


| The signals marked a.m. in the tables were received between 10 

and 11 a.m. (E.S.T.) with daylight along the whole path of trans- 
mission, except for a short time in winter in the case of the two stations 
AGS and AGW at Nauen near Berlin when the sun sets slightly be- 
fore 10 a.m. (Е.5.Т.). The signals marked p.m. were received between 
3 and 4 o'clock in the afternoon with full daylight transmission in 
the case of southern and western stations and transmission partly in 
darkness and partly in daylight for European stations excepting Rugby 


. * Dewey decimal Classification: R113. Publication approved by the 
Director of the Bureau of Standards of the U. S. Department of Commerce. 
! For method of measurement see Proc. I. R. E., 12, 529; October, 1924. 
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(GBR) and Leafield (GBL), whose signal paths lie entirely in day- 
light in midsummer. 


о 
1923 1924. 1925 1926 (92у 1928 
Fig. I—Annual average signal, 10 А.м. 
TABLE II 


AVERAGE SIGNAL INTENSITY Амр ÁTMOSPHERIC DISTURBANCES For LarAvzTTE (LY), Восву (GBR), 
Sre. AssrsE (FU), Nauen (AGW), Амр Коотулык (PCG), IN MICROVOLTS PER METER 


|! 
PM. 


| 
1928| LY | GBR | FU | AGW | PCG | Dist. LY | GBR | FU | AGW | РОС Dist. 
= pés | - | 
Jan. | 127 138 49 50 49 26 1206 200 98 62 67 27 
Feb. | 119 = 43 49 49 29 от 178 83 65 67 37 
Mar. | 130 E 55 50 54 35 154 Sz 69 61 62 54 
Apr. | 140 = E 54 58 44 118 147 52 46 48 59 
Мау | 173] — — 57 61 47 113 = = 39 42 83 
June | 143 -< E 57 61 57 85 Ix = 35 37 123 
July | 134 148 57 59 62 45 74 83 =% 37 39 140 
Aug. | 165 150 =< 45 62 44 78 — = 26 as 320 
Sept. | 166 | 206 = 65 67 35 133 140 = 50 50 74 
Oct. | 141 165 -— 51 54 43 162 213 == 57 59 53 
Nov. 97 = == 45 49 31 174 199 87 66 69 36 
Dec. | 167 180 — 72 66 29 251 272 119 95 101 30 
—— =| | | 
Ау. | 142 164 51 55 58 39 141 179 85 53 58 | 86 


The. figures show the annual changes in signal strength and at- 
mospheric disturbances since 1923, the monthly distribution of at- 
mospheries for 1927 and 1928, and the variatiens in signal strength 
of Bordeaux (LY) as measured at Meudon (Paris) and in Washington. 

The annual field-intensity averages of European stations for the 
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year 1928 were slightly but consistently lower than those of 1927. This 
was true for the monthly averages as well, with but very few except- 
ions, for all months preceding December. In December there was а 
decided increase in field-intensity values for all European stations. 
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Fig. 2—Annual average signal and atmospheric disturbances, З р.м. 


The averages were well above those of December, 1927, and were 
equal to and, in the case of some stations, exceeding those of 1926. This 
increase continued until March, 1929, but since March there has been 
a decrease in intensity. 

A decrease in the annual average signal strength was apparent 
also in the measurements on nearby American long-wave stations. 
The values for the two stations, New Brunswick, N. J. (WIT) and 
Rocky Point, L. I., (WSS), which were measured throughout the two 
years, were from 10 to 20 per cent lower than in 1927. 

The atmospheric disturbances in 1928 varied little in intensity 
from those of the year before. At a wavelength of 20,000 m the 
average was somewhat lower, while at 12,500 m it was slightly higher 
than in 1927. The greatest monthly intensity was reached in August. 
In 1927 the highest monthly average occurred in July. 
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Fig. 3—Lafayette (LY) monthly average signal at 
Washington and Meudon, 3 р.м. 
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Fig. 4— Monthly average atmospheric disturbances (20,000 m), 1927 and 1928. 
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TABLE III 


AVERAGE SIGNAL INTENSITY AND ATMOSPHERIC DisTURBANCES FOR Rome (IRB), Ste. Assise (FT) 
Nauen (AGS), Boinas (KET), LeAriELD (GBL), AND Carnarvon (GLC), 
IN MICROVOLTS PER METER 


А.М. Р.М. 
1928 [IRB| FT | AGS| КЕТ | GBL | GLC | Dist. | IRB | FT | AGS| KET | GBL | GLC | Dist. 
Jan. | 45 | 36 | 26 57 13 11 19 т1 |51 | 42 61 11 14 23 
Feb. | 47 | 39| 27 6 14 10 21 60 | 49 | 39 68 16 13 28 
Маг. | 47 | 40 | 31 58 38 11 26 53 | 46 | 36 | 64 14 10 42 
Apr. | 48 | 40 | 36 61 16 11 34 40 |35 | 29 | 54 13 8 45 
May | 52 | 40 | 35 60 15 14 36 85 |24 21 40 — — 68 
June | 55 | 44 | 36 54 — 15 49 34 | 25 | 21 39 — = | шо 
July | 61 | 48 | 41 61 — 18 38 32 | 27 | 23 | 39 — — 120 
Aug. | 56 | 44 | 85 | 44 | — — 36 — | 28 | 25 | — — — | 280 
Sept.| 66 | 46 | 49 65 — 22 28 ат |31| 30 | 47 — — 61 
Oct. | 53 | — | 42 60 — 18 34 53 | — | 39 51 — 19 48 
Nov.|41| —| 28 | 41 — 15 24 66 | 56 | 46 65 — 22 31 
Dec. | 54 | — | 40 | 66 — 15 23 84 | 69 | 59 86 — 30 25 
Ау. | 52 | 42 | 35 | 57 — 15 31 52 | 40 | 34 56 — 17 73 


TABLE IV 


AVERAGE SIGNAL INTENSITY AND ATMOSPHERIC DISTURBANCES FOR CavEY (NAU), 
AND SAN Dieco (NPL), IN Micnovorrs PER METER 


A.M Р.М. 

1928 NAU NPL Dist. NAU NPL Dist 
Jan 111 54 12 69 72 14 
Feb 83 58 13 60 59 17 
Mar 116 72 16 59 69 30 
Apr А 84 21 65 61 32 
Мау = = 21 73 91 47 
June > = 42 = == 84 
July 84 86 27 48 63 84 
Aug 127 180 18 90 — 22 
Sept 109 116 17 67 | — 40 
Oct. = = =з rie = = 
Nov. = = = -— ci — 
Dec. = - == — g = 

Av | 101 9з 21 66 69 41 
TABLE V 


AVERAGE SIGNAL INTENSITY FOR New Brunswick, N. J. (WII лмо WRT), TUCKERTON, N. J. (WCI 
AND WGG), Rocky Рот, L. I. (WSS), лмо Marron, Mass. (WSO), 
IN MiLLIVOLTS PER METER 


А.М. P.M. 
1928 | WII | WCI | WGG| WSS | WSO | WRT WII! WCI | МОС | WSS | WSO | WRT 
f - | 
Jan. 3.7 — = 3.4 = 3.7 3.5 a -— 3.4 = 3.6 
Feb. 3.2 a = 3.1 = 3.1 3.2 ы = 3.0 = 3.2 
Mar 2.9 ы 33 2.8 с 3.0 2.9 = = 2.9 = 2.8 
Apr 2.9 = 2.8 | 2.9 == 3.0 2.9 — 2.6 2.7 + 2.9 
Мау 2.8 a 3.2 2.8 Т 2.9 2.7 = 2.8 2.8 == 2.8 
June 2.2| 2.9 == 2.2 1.0 2.4 2.4 2.8 = 2.1 == 2.3 
July 2.0 | 2.7 — 2.0 141 2.0 2.1 28 |! = 2.0 0.9 2.1 
Aug. FSI 2p = 1.8 1-0 1:0 1.8 3.0 —= T 0.9 1.8 
Sept 1.9 = 2.3 2.0 ы]. 2.0 1:8 2.9 2.8 1.9 0.9 1.9 
Oct. 2.5 | 3.2 3.1 2.1 1.2 2.6 2.6 3.5 3.1 2.4 1.2 2.9 
Nov 2.5 | 3.3 2.6 2.2 0.9 2.6 2.9 3.6 3.1 2.5 1.2 2.9 
Рес 297 12:7 3.1 2.5 JUST 2.9 || 2.9 3.8 3.5 2.5 1.2 2.9 
Ау. | 2.6] 3.1 | 2.9 2.5 ПЕТ 2.7 2.6 3.2 2.9 235 | LI 2.7 


Mimeographed copies of the daily observations of signal inten- 
sities and of strength of atmospherics are available for distribution to 
those interested. d 
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MULTIPLE SIGNALS IN SHORT-WAVE TRANSMISSION* 


By 
T. L. ECKERSLEY 
(Research Department of Marconi's Wireless Telegraph Company, Ltd., London, England) 


Summary—This paper presents an analysis of the facsimile records obtained 
recently in the transmissions between New York, U.S. A., and Somerton, England. 
Since the speed of the scanning spot in the facsimile apparatus is accurately known, 
these records permit the measurement of the time intervals between the various signals 
which produce the distortion in the received record. Thus the facsimile apparatus 
can be used as an oscillograph for Kennelly-Heaviside layer measurements after 
the method employed by Breit and Tuve and others. 

The results of the analysis confirm, in general, the results of other experimenters 
and extend them in the direction of giving information as to the angle within which 
the useful radiation is confined at the transmitter. A knowledge of this angle is then 
shown to yield important information on the distortion to be expected on different 
wavelengths. A detailed summary of the results is included at the end of the paper. 


INTRODUCTION 


HEORIES of short-wave transmission depend in the main 
on pre-knowledge of the Heaviside layer; and on the other 
hand this pre-knowledge must be based on some theory of 

short-wave ray transmission, for the Heaviside layer can only be 
probed by means of short wireless waves, and the interpretation of the 
results involves the transmission theory. The methods used for prob- 
ing involve the reception of more than one ray, generally a direct ray 
over the surface of the earth and an indirect ray which has travelled 
up to the Heaviside layer and back. Either the difference in time of 
arrival of short groups is measured or a sustained signal is sent with 
а varying frequency, and the variations of interference are made to give 
the requisite information. Information may also be obtained by ob- 
serving the directions of the incoming waves. The first method has 
been extensively used in America, and the second by Appleton in Eng- 
land. The first method has been thoroughly discussed, on the assump- 
tion that the wave follows a ray path determined by the ionie density 
in the Heaviside layer. 

On the assumption that the gradient of ionic density is every where 
vertical, the difference in time of arrival of the direct signal and the 
reflected signal gives at once the angle of transmission and the height 
of the apex B of the ray, ie., the equivalent height of the layer. 
(See Fig. 7.) 


*Dewey decimal classification: R113.6. 
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‘The method, however, fails for short-distance transmission on suffi- 
ciently short waves where the density of the layer is not sufficient to 
bend the rays down. In fact, the method fails where the receiver is 
within the skip distance. 

In recent tests by Kenrick and Jen! the experiments were success- 
ful on a 67-m wave, but nothing was received on a 33-m wave, suggest- 
ing that the latter was too short a wave. In order to get results on 
shorter waves than this, experiments must be made outside the skip 
where the time between the direct and echo signals can be made to 
yield very definite information: An opportunity for examining such 
а case on a 22-m wave was afforded by the facsimile records obtained 
recently in the transmissions between New York and Somerton. 
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Fig. 1—Echo duration (October-November, 1928) and signal strength. (Station 
WAJ, 13480 ke.) 


The interpretation of the results is fundamentally the same as the 
above with the proviso that the rays are more nearly horizontal than 
vertical in such conditions. For the purpose of the analysis of the 
results, the faesimile apparatus is considered in the nature of an oscil- 
lograph. The signals made by the transmitter are in general of sufh- 
ciently short duration not to overlap with the echoes. In fact the 
arrangement is essentially similar to the type of apparatus used in the 
experiments of Breit and Tuve and other experimenters in America; 
a faithful record of each signal made at the transmitter and modified 
in transmission is made at the receiver. For the present purpose it is 
hardly necessary to enter into details of the apparatus, and it is suff- 
cient to state that practically perfect reproduction is obtained over 
short distances where the transmission distortions are not present. 


1Pnoc. I. R. E., 17, 711; April, 1929. 
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SHORT ECHOES 


A preliminary analysis of short echoes (3 or 4 millisec.) exhibited 
by the facsimile records taken on the circuit between New York and 
Somerton on 13480 kc or 22.255-m wave during the period August, 


Fig. 2—Echoes. 


1928, to January, 1929, has brought to light facts which may be of con- 
siderable practical importance in facsimile working. They are also 
of great significance in constructing a working model of the Heaviside 
layer and giving a rational explanation of the bewildering variety of 
results obtained in short-wave interception. 

In a preliminary survey something like 20 or 30 cases of the echo 
signals shown on the facsimile photographs have been measured up, 
and these are typical selections from the large amount of material 
accumulated. A fairly close examination of the main bulk of the ma- 
terial suggests that very little will be added but repetitions by mea- 
suring it all. à 
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Fig. 3—The Heaviside layer. 


Anyone who knows the actual mechanism of the facsimile gear 
will realize that it gives an excellent record of the mutilation of sig- 
nals in their passage from the transmitter to receiver, а comparison 
of the transmitted and received picture immediately showing up the 
signal mutilation. 
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Examination of the records shows that if one short signal (<0.5 
millisec. duration) is transmitted this may be reproduced as 1, 2, 3, 4, 
5, or even 6 separate signals at. the receiver. Thus if a single line 
(drawn perpendicular to the direction of scan of the light spot) is 
transmitted, it is reproduced as a group of 2, 3, 4, or 5 lines closely 
spaced. 


Fig. 4—Limiting angle for transmission. 


We may call the first signal that arrives the main signal and the 
latter short echoes of it. If the distance between the lines on the re- 
ceived photograph is measured it is possible to calculate the time in- 
tervals when the specd of the scanning spot is known. 


| уе | “es 7 
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Fig. 5— Ionic recombination. 


The speed of the scanning spot is determined by the frequency of 
the controlling fork and is accurately known. 

It is therefore possible to make accurate measurements of the time 
intervals between the main signal and the various echoes. With a 
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300-cycle fork the scanning speed is 30 min. per sec. and clearly sepa- 
rates short signals (of the order of 1/5000 sec.) with time intervals 
less than a millisecond. - 

Most of the pictures were run off near the middle of the day (when 
signals were strongest) and the information on night transmission is 
n eager. 

It appears that during the hours 1200 to about 1500 echoes up to 
the number of three or four are prevalent in nearly every case, with 
delays up to 3.8 millisec, and in one case up to 5.3 millisec. 

In the evening echoes are still prevalent, but the extreme delay 
(between first and last) seems to decrease throughout the night and 
to be a minimum about sunrise here and to increase rapidly as the 
sun rises at New York, tending to its maximum value when the sun 
is on the meridian half way between Somerton and New York. (See 
samples in Figs. 8, 9, and 10.) 
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Fig. 6—Observed curve. 


The results are plotted on curve 1 showing the total echo duration 
as a function of the local time for the period between October 15th and 
November 7th. It shows a diurnal variation very similar to the signal 
strength curve of WAJ, the station used during this period, showing 
that when signals are strong multiples are prevalent and disappear 
аз the signal weakens. 

The time between each echo appears to be between 0.7 and 1.2 
millisec. and the later ones are more widely spaced than the earlier 
ones (of any given group). 

The times of individual echoes are rather irregular, but on partic- 
ular occasions we have found a very regular arrangement repeated 
again and again within the period of a minute or so. 

These are represented in Fig. 2 and may be taken as a representa- 
tive sef of echoes. 
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The maximum delay (between the first and last signal) may be 
used to give very interesting data concerning the Heaviside layer 
which can be used to determine the behavior as regards facsimile 
echoes on other wavelengths. This use depends on the following rela- 
tion derived from the ray theory. 


HEAVISIDE LAYER, 


Fig. 7—Theoretical recombination curve. 


If the gradient in the layer is purely vertical (as we may assume is 
the case when conditions are nearly uniform between. transmitter and 
receiver) and if the ray does not depart from the earth’s surface more 
than a small fraction of the earth’s radius, then the time of travel of 
any one of the echo signals, say the n*^, is 


d 1 


c cos én 


the echo time is 7, — 7: 


d | 1 1 ] 
Tn T! 
c Leos 0, cos 0; 


since d, c, and т, —7; are known 


1 1 


cos 0, сов8 

is given. 

This gives a relation between 0, and 6,, but not 6, and 6, separately. 

The assumption made here is that 6, is very small so that 1/ cos 6, 
is practically unity. This can be justified in the present case from our 
knowledge of the Heaviside layer. Thus we know from various experi- 
menters, notably Appleton, that there is a maximum density of 10° 
electrons per cu. cm at the height of very closely 100 km. See Fig. 3. 

On a 22-m wave all rays with initial angles of elevation less than 
9 deg. are bent down by this layer, so that if we assume that the first 
signal is produced by rays which are confined to regions below this 
first layer 
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1 1 
& 
cos 0; cos 9 deg. 


1 
0.9877 


— 1.0123. 


The effect of assuming 0, —0 gives an error in timing of less than 
0.2 millisec., which amounts to an error of less than 5 per cent in cases 
of the extreme echoes of about 4 millisec. 

The assumption enables us to calculate cos 6,, and if n is the last 
echo, it gives the maximum angle of elevation of the transmitted ray. 
Presumably longer echoes and higher angle rays are not present be- 
cause such high-angle rays would penetrate the layer and not be re- 
turned to earth. Values of 9, determined in this manner are given 
below. 


N. 
Date G.M.T. On h =240 km h =340 km 
Oct. 20th 1517 | 30 deg. 57 min. 7.80 X105 8.40 X105 
= Шш 2315 20. 35 M6: aS 4.5 X105 5.2 X105 
m LETS 1302 29 * 46 4 | 7.40 X105 8.05 X105 
є SOF GS Gre Ci 7.60 X105 8.15 X105 
Nov. 12th 1321 20 4. H5 NS, 7.05 X105 7.70 X105 
ix 7th 1328 ОЕ EG ш 7.05 X105 7.70 X105 
25 < g0 * 7.0 X105 7.65 X105 
1536 Ж Б C 9.1 X105 9.8 X105 
34 w “дз а 9.0 X105 9.6 X105 
Nov. 2nd 1435 31 4 47 u 7.8 X10 8.8 X105 
Mean Value 30, А 7.75 X10* 8.43.X105 


The maximum value o 9, is therefore less than 35 deg. and the 
mean 30 deg. 47 min. 

We may therefore state that on 22 m over the Somerton—New 
York circuit the ray angles of the transmitted rays are less than 85 deg. 
and usually less than 31 deg. 

The higher angle rays are usually weaker than the others, and it 
follows that the main energy is transmitted along rays < 20 deg. eleva- 
tion. 

This is a complete confirmation of our previous results obtained 
with the cardioid receiver, i.e., that long-distance communication is 
effected with relatively low-angle rays. 

These results determine the ray angles with immensely greater 
accuracy than any balanced aerial system is likely to do. 

These ray angles can now be used to calculate the maximum density 
(at the apex of the rays) from the relation 
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R+h wp / Nec — Ad 
eos 9 — — — —-— = 4/ 1-——— or т Ке 
К шошо тї? п? 


where А is the height of the ray above the earth at its apex. 
when AÀ/R —z is small and 0 is small 
ne Nee 
=——— =sin? 6+ 2x 
n? ттт? 


from which N ean be determined. 

This contains the unknown quantity z, the ratio of the height of the 
layer to the earth's radius, so that N cannot be accurately determined 
unless z is known. If @ is large, however, so that sin 0221, for even the 
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Fig. TA e taken October 21, 1928 at 2335 G. M. T., Somerton. Speed, 
poe Lighter limit. Many drop outs. Showing decreasing echo time at 
midnight. High-angle echo tending to drop out. About 1 48 millisecond delay. 


maximum possible values of A, the effect of z on N in inappreciable. 
Unfortunately in this case вір? is of the order 0.25 and 2x may be 0.08 
so that an error of 30 per cent may be made, but the actual error will 
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probably be much less since x can be estimated within fairly narrow 
limits from the other observations and the error in 2z is not likely to 
be greater than 0.03, giving a percentage error in N of about 12 
per cent. 

Two sets of № values are given, one with A assumed to be 226 km. 
(Derived from measurements made by Appleton,? and Breit, Tuve 
and Dahl? on 100-m and 75-m waves, respectively. (Kenrick ad J s 
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The other set is with Һ=840 km, this value being given by the mea- 
surement of the echo times (also by Kenrick and Jen.)! 

N appears to be of the order 8 to 9X 105, i.e., nearly 10 times the 
maximum value of N in the 100-km layer. 

At this point it is necessary to sketch briefly our knowledge of the 
Heaviside layer as determined by other experiments. 


?Nature, p. 445, March 23, 1929. 
3 Proc. I. К. E. 16, 1236; September, 1928. 
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Interference experiments made by Appleton and Hollingworth 
and signal-strength measurements made by the author on long waves 
show that the electron density increases rapidly above 75 km and rises 
to a maximum of 105 at 100 km (in daylight.) 

Recent experiments made by Appleton on 100-m wave and des- 
eribed in Nature? show that the measured effective height of the layer 
(by interference methods) jumps discontinuously at irregular times 
from 100 to 226 km, which may be interpreted on the assumption that 
the lower layer is so nearly only just sufficient to reflect the 100-m 
wave that a very slight diminution in N from time to time exposes a 
higher layer at 226 km. The density between N —105 at 100 km and 
№ —105 at 226 km is then everywhere less than this value. 

Measurements made on 75m and 67 m show that in the daytime 
the signal is reflected at an effective height of 226 km, and that the 
density there is 2.4X 105 or greater. We may therefore sketch in the 
average day density as in Fig. 3, which is derived from the average 
of the data. There is a fairly well-defined layer up to № =105 at 90 to 
100 km, another at least 2.4 «10% at 226 km. 

Finally at nighttime Kenrick and Jen! results seem to show another 
layer exposed by the recombination of ions below about 344 km height. 
From these data it seems reasonable to suppose that the 22-m echo 
rays are reflected between 240- and 340-km heights, and the maximum 
densities in the layer are calculated for these two heights and give 
the probable limits. The mean densities corresponding to the two 
heights are 7.75 and 8.43, the latter probably more nearly correct. 


Maximum DENSITY IN THE LAYER 


The fact that there is a certain maximum delay implies a certain 
maximum angle of transmission, approximately 35 deg. It is well 
known that corresponding to a certain maximum density in the 
layer there is a limit to the angle of projection of the ray if this 
ray is to return to earth again. It seems certain that higher angles are 
not present in the 22-m transmissions because rays of such angles 
escape through the layer. The values of N given above represent fairly 
closely the limiting density in the upper layer. 

With this data it is possible to plot a curve giving the limiting angle 
0 as a function of the wavelength. It may be derived from the relation 
cos 0 — R --h/ R. Hmin/ Uo 

Since knowing Nmax, Man/Ho is known for every wavelength. 

This curve is shown in Fig. 4. 

I5 will be observed that it meets the z axis at 8.6 m. Implying that 
for wavelengths less than 8.6 m the relation above cannot be satis- 
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fied because even glancing angle rays of higher frequencies are not 
sufficiently bent to come to earth. 

8.6 m їз in fact the short-wave day limit. 

This acts as a check on the values of N, for we find, in fact, that 
this is very close to the day-wave limit. Thus 10-m waves transmitted 


in England have been received in Australia, New York, and Buenos 
Aires. 
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Fig. 10—Specimen taken November 8, 1928 at 1415 О. M. T., Somerton. Speeds: 
lst column, 150 cycles; 2nd column, 100 cycles; 3rd column, 300 cycles. 
Showing increased echo-signal separation with increased Scanning speed. 


Sporadie and very occasional reception of an 8.67-m beam at 
Poldhu has been recorded in New York. Reports of occasional long- 
distance transmissions on waves shorter than this have been received, 
but definite instances of such transmissions appear to be wanting, 
and they are probably exceptional]. 

We may therefore say that there is considerable evidence that the 
short-wave limit lies between 8 and 10 m in confirmation of the above. 
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Experiments with а balanced frame and vertical setup to determine 
the ray angles from the 28 to 32-m Dutch stations, though not of а 
high order of accuracy on account of the blurring of the balance point 
by scattered energy, also provide confirmatory evidence. 

The angles found lie between 50 deg. and 68 deg. and the corre- 
sponding maximum densities (which can be determined independently 
of the value of т) lie between 8.4X105, and 1.3X10° with a mean 
9.3X 105, a figure slightly greater than that determined from the echo 
measures, i.e., 8.43 «105. Considering the relative inaccuracy of these 
experiments the agreement is as good as could be expected. 

The mean height of the layer determined from these values of 
0 is 250 + 55, which lies between the limits set out previously. 

These results giving the limiting density of the upper atmosphere 
seem to rest on a very secure basis and to be much more definite than 
previous deductions of the layer density in the Heaviside layer. This 
maximum density it will be observed is derived for full daylight con- 
ditions. 

The curves (Figs. 1 and 5) show, on the same reasoning as previous- 
ly given, that the maximum echo time decreases throughout the night, 
and it follows that the density decreases during the night hours and 
is a minimum just before sunrise. 

The absence of rays of higher angle than 35 deg. has been attri- 
buted to the insufficiency of electrons. 

It is certainly a Heaviside layer effect as the Omin depends on the 
local time and is very much less at night. 

The only other effect besides electron limitation which can limit 
0 is attenuation which, however, is likely to be reduced the higher the 
ray angle, so that the electron limitation hypothesis seems almost un- 
assailable. 

In Fig. 4 we have plotted the maximum ray angle as a function of 
A, but this maximum ray angle also gives by relation (1) the maximum 
echo time; we can therefore plot the maximum possible echo time 
(max. duration between main and echo signal) as a function of X. 
This is given in Fig. 6 for daylight conditions. It will be seen that it 
decreases very rapidly with № and £s only about 0.8 millisec. at А = 16m. 
This has a very practical significance in facsimile working. 

The maximum echo lag on а 16-m transmission to New York zs likely 
to be only 1/5 of that on 22 m. 

Four or five times the speed of picture transmission could be used on 
such a service. 

(This is neglecting scattering echoes which do not seem to be serious 
in the picture service, at least on 22 m and when signals are relatively 
strong.) 
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Summarizing, we may say that this conclusion is logically reached 
contingent on the two assumptions. 

(1) That the main signal (first received) is transmitted at practical- 
ly glancing incidence. 

(2) That the lag of the last echo is limited wholly by insufficiency 
of electron density in the upper layer, both of which seem to be open 
to very little criticism or doubt. 


ORIGIN OF THE MULTIPLE ECHOES 


So far we have been considering the time interval between the 
first and last signal giving the maximum transmission angle and the 
maximum density in the layer. 

The individual echo signals, as has already been stated, are rather 
irregular; there is the possibility that they may overlap, in some cases 
producing phase opposition which obscures the main position of the 
echo signal. Cases have been found where, however, the echoes are so 
definitely repeated that they represent without doubt the true sequence 
of the echoes. Those are represented in Fig. 2. 

They represent a set of five signals each implying a definite ray 
starting in the five definite directions 6, « odeg.; 0; = 16 deg. 45 min.; 
0; —21 deg. 34 min.; 6, — 29 deg. 32 min.; and 6; —34 deg. 36 min. 

The question arises, what is the path of these different rays? 

The simplest supposition is that they represent the multiple re- 
flection between earth and Heaviside layer, and the internal evidence 
for this seems fairly strong. This hypothesis is represented diagram- 
matically in the figure below (Fig. 7) where four rays are separately 
represented by the four lines 0; — 6;. 

If the upper layer were so well defined that the apex of each of the 
rays, or rather the equivalent height defined by the apex of the trian- 
gle (at B) is the same for all rays, then the height calculated by the 
triangulation of each of these rays should be constant. 

This triangulation may be carried out as follows: 

Suppose according to our hypothesis that the fifth signal is by the 
ray which cuts up the distance d into five equal parts; then the ele- 
mentary triangle to be calculated is shown in Fig.7. 0» is given by the 
delay time, dọ is one fifth d, the distance between receiver and 
transmitter,the height is then determinate, and is given bytherelation 

h sin. 
t=— = ——— — įv sin 104-43? — 4 sin 26. 
R 2 
where 0 is the angle which dy) subtends at the center of the earth, and 
y 7 d/ R where d; is the length of the ray to the apex B. 
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d, is directly known from the difference in time of the main signal 
and echo signal. Taking echoes 3, 4, and 5 we get the corresponding 
values of h' 


No. of Echo h 
3 343 
4 338 
5 340 


No. 2 echo is less accurately determined and as it will be more 
affected by its passage through the lower layer (100 km) it is therefore 
not included. 

The extraordinary consistency of the three independent measures 
of h in this table makes it very probable that the hypothesis of multi- 
reflection between the earth and Heaviside layer is correct, the rays 
at any angle reaching the same virtual height. 

In confirmation of this we have the results of Kenrick and Jen,! who 
in a 67-m transmission with the pulse method have indicated a layer 
at this height. (344 km) (This layer appears to be exposed to a 67-m 
wave only at night.) See Fig. 3. 

This of course is not conclusive, but the agreement seems more than 
accidental. 

These facts would seem to imply that the bending of the ray takes 
place in a very limited height (of the order of the discordance of the 
values obtained for Л). 

It follows therefore that for waves of frequency large compared 
with 310° (the critical frequency for the lower layer) the ray paths 
are very approximately the triangles exhibited in Fig. 7 with only a 
slight deviation near the apex. 

The triangle will be approximately the same for all waves in the 
range which satisfy this condition, i.e., A«N = 100 m, and therefore 
the time lags of individual echoes should be practically independent of 
the wavelength. The effect of a reduction of wavelength is therefore 
to reduce the number of echoes but not materially to alter the time 
between individual echoes. 


SHORT-WAVE ATTENUATION 


The information disclosed by the facsimile echo measurements 
has a great significance with regard to short-wave attenuation in the 
range between 14 and 50 m. 

Take the typical example of the 22-m wave. A typical ray has an 
angle of elevation between 0 and 30 deg. Consider one with an angle 
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of about 20 deg. It passes along nearly a straight line at 20-deg. eleva- 
tion, through the lower layer at 100-km height and is bent back at B 
(Fig. 7) to earth again. It is the region near the 100-km layer which is 
attenuating. It passes almost straight through this attenuating layer. 
(It can only suffer 5-deg. deviation in the layer № being so small.) The 
total attenuation that the wave will suffer is 


1 
z=) f ds 
sA0CTs 


where „№ and т, are the values of М and 7 (the time between collisions 
at а distance S measured along theray.) so and 7, are only functions 
of the state of the Heaviside layer. 

So that а= К,А. 

Now it is obvious from the geometry of the system that the тау 
will be the same for anyother wavelength (within the range considered). 

The attenuation will therefore be proportional to №. This is precisely 
what is found on analyzing the results obtained in the year’s inter- 
ception at Broomfield (for daytime transmission). We have in these 
results a rational explanation of the behavior of short-wave day 
attenuation. 


Мент TRANSMISSION 


The information as regards night transmission is less definite. 

The following conclusions, however, appear to be pretty certain. 

We have found that the echo delay time decreases throughout the 
night, being a minimum just before sunrise. This may be definitely 
interpreted as a gradual decrease of the maximum ionic density Nmax in 
the upper layer as the night progresses. But N44, determines the 
short-wave limit for transmission according to the relation 


Himin ae R 
Ho R+h 
N maxec | R 8 
or 1— = | 
mmn? R+h 
N maxe M | R Р 
ог =1 | 
ттт? R+h 
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2Хтт 


ог A min = MENT ee 
N maze 


and the smaller the value of Nmax the greater Аш. 

We should therefore expect a progressive increase in the short- 
wave limit as the night progresses. Thus in the early evening shorter 
waves can be used for long distance transmission than in tbe later 
hours of darkness. This is a well-known fact derived from the analysis 
of the results obtained in the year’s interception. 

We can give approximately the values of А limit as a function of 
the time elapsed from sunset, Thus see Fig. 5. 


Hours after sunset. A N 
approx. 0 8.6 9.3105 
2.5 11 6.5X 105 
7 14 4.2X10* 
10.5 20 2 X105 
from the echo delays we have the values 
6 4.8X10° 
7 4.2 10° 


in rough agreement with the above. 

We may picture the effect somewhat as follows: 

As the time after sunset increases N decreases, the maximum ray 
angle consequently decreases and the useful fraction of the energy 
radiated, i.e., from Ө —0 up to 0 —6,, decreases and consequently the sig- 
nal strength decreases. 

The relation between signal strength and echo delay and conse- 
quently Onin is strikingly given in Fig. 1. 

The controlling factor determining signal strength at night is 
electron limitation and not attenuation, and to complete the theoretical 
aspect we should give reason why the attenuation appears to be negli- 
gible at night. The reason appears to be that the attenuating layer 
(100 km) rises at night, effectively increasing T perhaps tenfold; 
also N decreases, both of which factors decrease attenuation. 

Summarizing we may say that the picture transmissions indieate 
the presence of four or five or 'even, in extreme cases, six separate rays 
between New York and Somerton (on 22 m). 

From the measured delay time between the echoes we may state 
that the maximum angle of elevation of the rays is 35 deg. in all but 
exceptional cases, and that the main energy is transmitted along rays 
less than 20-deg. elevation, i.e., practically glancing incidence. 
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The maximum daylight density in the upper layer is approximately 
8.8 to 9.3 «10° electrons per cu. cm, which corresponds to a daylight 
minimum wave of 8.6 m. 

The total echo delay (between first and last signal) decreases rapid- 
ly with the wavelength being 1 millisec. at 16 m and decreasing to zero 
at 8.6 m. 

With less certainty we may conclude that 

(1) Transmission takes place by multiple reflections between earth 
and Heaviside layer, the latter being fairly sharply defined—for this 
wavelength—at a height of 340 km. 

(2) In the daytime attenuation takes place in the lower layer (100 
km height) and is practically proportional to №. 

(3) Throughout the night the attenuation proper ceases to play 
an important part, but the limiting wavelength inereases (on account 
of recombination) from 8.6 to nearly 20 m in extreme cases of long 
winter nights. 


List of Symbols Employed 


R — radius of earth 

n= frequency 

по = critical frequency of medium 
e=charge on electron 

т — mass of electron 

N —number of electrons per cu. em 
с= velocity of light 

и —refractive index 
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A CONDENSER BRIDGE FOR FACTORY INSPECTION 
OF VARIABLE CONDENSERS* 


By 
R. A. BRADEN AND Н. С. FORBES 
(Formerly of the Engineering Department, Zenith Radio Corporation, Chicago, Ill. 


Summary—A capacity bridge designed for routine factory testing ef varia- 
ble air condensers of the “gang” type, as used in modern radio receivers, ts described 
in this paper. 

Setting the bridge involves a capacity balance and a phase-angle adjustment. 
The capacity balance is effected by a balancing condenser which gives directly the 
capacity difference between two condensers connected to the bridge for test. The 
phase-angle adjustment is made by rheostats in series with the condensers, and by 
an arrangement whereby the phase angles of the ratio resistances can be varied 
slightly for precise adjustment. 

Design and construction of some of the more important parts, and testing and 
calibration of the bridge, are described, and installation and use of the bridge are 
discussed. 


ITH the development of gang condensers for single-control 

tuning there has arisen the problem of the development of 

suitable factory inspection apparatus for these condensers. 
The first requirement of apparatus of this nature is accuracy. It is 
perhaps obvious that the accuracy of inspection apparatus which is to 
be operated by factory workers must be considerably greater than that 
of the measurements to be made. It is neither possible nor desirable to 
require the inspector to make precision measurements in order to 
determine the accuracy of the condenser. It seems more desirable to 
build inspection apparatus capable of great precision and to use it 
carelessly than to build apparatus capable of less accuracy and be com- 
pelled to make precision measurements with it. 

It should be pointed out that this problem is not strictly one of 
precision measurement, but rather one of precision comparison. It is 
permissible for the capacities of the condenser units of any one receiver 
to differ from those of another receiver by considerably greater amounts 
than the capacities of the condenser units of any one gang may differ 
from one another. It is seldom that the individual receivers must 
calibrate alike within one per cent. What is required is a device which 
will determine with great precision whether or not two condensers are 
equal, and which will, if they are not equal, measure the difference 
with a fair degree of accuracy. 


* Dewey decimal classification: Г.201.6. 
| 123 
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The apparatus should be completely self-contained, with no exter- 
nal standards which might get out of adjustment through mishandling 
or accident. It should be rapid in operation. It must be so designed 
that it may be operated by non-technical labor, and its use must not be 
tiring to the operator. There should be little or no hand or body capa- 
city effect. The apparatus must also be capable of readily checking the 
condensers at all points of their range. 

Three types of inspection apparatus for this service are in common 
use. One type utilizes a radio-frequency oscillator, and the measure- 
ments are made by comparison with a standard capacity, using a tuned 


КУ 


Tig. 1 


circuit and a resonance indicator. A second type utilizes two radio- 
frequency oscillators, and the measurements are made by comparison 
with a standard by the adjustment of the beat note between the os- 
cillators to zero. A third type employs an impedance bridge at audio 
frequencies, the measurement being made by a direct balance. Of 
these three, the last meets to the best advantage the requirements 
stated above, and in addition has the added feature that, as no radio- 
frequency oscillators are used, shielded rooms are not required to pre- 
vent interference with other testing operations which do involve radio- 
frequency currents. : 
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In 1925 the authors were confronted with the problem of building a 
device for the factory inspection of a gang condenser of six units. The 
individual condensers of this “gang” were required to stay “in step” 
within a limit of 1 uuf. The condenser (shown in Fig. 1) was so de- 
signed and assembled that accuracies of this order might be expected 


M 


i Mc is 


Fig. 2 


iH 


directly from the assembly lines, and it was contemplated that the du- 
ties of the inspector would be largely to check the accuracy of the 
various condensers in the unit. Nevertheless, it was desirable to con- 
struct the inspection apparatus so that minor adjustments to the con- 
densers could readily be made by the inspector without unduly delay- 
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ing the inspection operation. After a survey of the various methods, 
the bridge method was selected as most suitable, and several condenser 
bridges were constructed which have given satisfactory service since 
1925. 

These bridges have also been found economical for use in the inspec- 
tion of smaller and less expensive gang condensers, and it is believed 
that a description of the apparatus will be of general interest. 


GENERAL DESCRIPTION 


A complete circuit diagram of the bridge and associated apparatus 
is shown in Fig. 2. The four arms of the bridge consist of the two ratio 
resistances Г, and К», and the two capacities (C,+C’) and (C2+C”’). 
There are also two rheostats (Rp) connected in series with the two con- 
denser arms, and the double stator condenser C, is connected across 
the two ratio arms. Current is supplied by the 1000-cycle generator, 
G, through the transformer Т, and the phones (P) used to detect 
balance are connected through the transformer Т» and the amplifier A. 
The two condensers Ст constitute a zero adjustment which will be 
explained later. 

The condensers С, and С» are two units of the gang condenser under- 
going test. They are connected in parallel with the two bridge capaci- 
ties С’ and C"', respectively, by two leads which plug into the jacks J. 

The manipulation of the bridge will be described in detail later. 
At this point it is sufficient to point out that the two ratio resistances 
are equal, and hence the two condenser arms must be made equal to 
balance the bridge. That is, 


Ci EC =C FO” (1) 


and hence, if C; and C; are unequal, C’ and С” must be adjusted to the 
same inequality. The difference between С, and C; is then read on a 
scale attached to С’ and C”. 

CONDITIONS For ACCURATE BALANCE 


The equation for the balance condition given above neglects the 
reactances of the ratio arms and the resistances of the condenser arms. 
It can be shown that the conditions for balance are given exactly by 
the two expressions 


T-— (2) 
and 


(1+ $4) = (Ф - $3) (3) 
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where 


Z= V R? + XY ete. 


1 
= = 
¢,=tan В, etc. 
The subscripts 1 and 2 refer to the two ratio arms, and 3 and 4 to the 
condenser arms of the bridge circuit (See Fig. 7). 

It ean also be shown that in a condenser bridge with resistance ratio 
arms, small variations in the phase angles of the arms can be made 
without affecting the impedances. Also, the impedances of the ratio 


Th 


Caic" xc’) 


i 


E 


Fig. 3—Interior view of bridge. The condensers Ст — Ст are beneath the stator 
plates of Cp and Ca. 


arms are practically equal to their resistances, while the impedances of 
the condenser arms are indistinguishable from their reactances. Equa- 
tion (2) may therefore be rewritten 


m Xs_ 0 5 
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The bridge is balanced by making C3 equal to C, to satisfy (4) (since 
Rı and Р, are equal) and adjusting the phase angles to satisfy (3). In 
case (3) is not exactly satisfied, the adjustment of the balancing con- 
denser to satisfy (4) is not sharply defined, and the sound in the phones 
is not completely balanced out. It is important, therefore, to have very 
accurate control of the phase angles when exact measurements are 
desired. 

Capacities between various parts of the bridge and earth may affect 
the balance unless suitable precautions are taken. The most important 
earth capacities are those of the generator, as they are generally un- 
symmetrical about the electrical center of the output circuit. It will 
be noted that without the input transformer, T, the generator earth 
capacities would be across the two arms of the bridge. The inequality 
of these added capacities could be corrected for easily, but the unequal 
capacities in combination with the large phase differences of the gen- 
erator earth capacities would produce a serious disturbance which 
would be difficult to correct for. By interposing a shielded input trans- 
former between the generator and the bridge, the generator earth 
capacities are eliminated from the circuit. Obviously, the transformer 
has earth capacities, but careful construction makes the earth capaci- 
ties of the two secondary terminals closely alike, and the small residual 
unbalance is readily corrected by the two condensers Cr shown in Fig. 2. 

These same compensating condensers also serve as a zero adjust- 
ment by which slight differences between the capacities to earth of the 
two sides of the bridge are balanced. There is also generally a slight 
shift with temperature changes, which is taken care of by occasional 
checking of the bridge with all external capacitive connections removed. 
One of the compensating condensers is provided with an external ad- 
justing screw, which is shown in Fig. 4. 

The input transformer earth capacity is quite large, and is not gen- 
erally evenly balanced. Although the condensers Ст compensate for 
this capacity unbalance, there is still some phase-angle unbalance in 
the transformer which is balanced out by two adjustments which will 
be described next. Referring to (8), it can be seen that there is no 
theoretical objection to obtaining the phase-angle balance by varying 
any one of the four phase angles involved, or any combination of them, 
so long as the phase angle is not swung so far from 0 deg. (in the ratio re- 
sistances) or from 90 deg. (in the condensers) that the phase angle and the 
impedance cease to be practically independent. In this bridge the ad- 
justment is actually made by varying all of the phase angles. Two 
small non-inductive rheostats, Rp, in series with the condenser arms 
control фз and $;, and a condenser Cp across the resistance arms con- 
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trols 9, and фә. Cpis arranged to throw a small variable capacity across 
either ratio resistance, and thus provides fine adjustment of the phase 
angles, while the rheostats are used for coarse adjustment. The con- 
denser Cp is referred to hereafter as the phase-angle condenser. 

A great advantage resulting from the use of two devices for phase- 
angle control is that the phase-angle balance can be held through the 


STATOR 
CONNECTORS 


Fig. 4—Exterior view of condenser bridge. CA —balancing condenser 
Ст =transformer equalizing condenser. Ёр -—rheostat. Cp=phase-angle con - 
denser. J =plug and jack for connection to condensers under test. The photo - 
graph was taken before the capacity-difference scale was engraved on the 
bakelite panel. 


range of variation of the external capacities (the condensers under 
test), so that the operator in making his measurements has only to ad- 
just the balancing condenser with one hand while he swings the exter- 
nal capacities from minimum to maximum, the rheostats and phase- 
angle condenser being left fixed. This result could not be obtained if 
either phase adjusting device were used alone. A useful addition, which 
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could not be used in this bridge because of space limitations, is a pair 
of equal fixed air condensers, having capacities of about 100 uuf, shunt- 
ed across the condenser arms of the bridge so as to raise the minimum 
capacity of these arms to something over 100 шиї. Such an addition 
reduces the difficulty of maintaining the phase-angle balance for 
various capacities under test. 

It will be noticed that if the bridge had been grounded at the junc- 
tion point of the two ratio arms, according to the usual practice, in- 
stead of at the junction point of the two condenser arms, most of the 
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Fig. 5— Top view of bridge, showing capacity-difference scale. 


difficulty described above would have been avoided, for the input- 
transformer earth capacities would then have been shunted across the 
ratio arms. With the bridge grounded in this way the condenser rotors 
would be ungrounded, however, and the operator would disturb the 
balance whenever he moved his hand near the condenser. Also, since 
the operator is capacitively coupled through the head phones to the 
output of the amplifier while the condenser rotors are coupled to the 
amplifier input circuit, feed back from output to input would occur 
whenever the operator touched a rotor or the condenser frame to make 
adjustments or to vary the capacity. The resulting audio-frequency 
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howl would be extremely troublesome, as well as tiring to the operator. 
Grounding the condenser side of the bridge prevents such feedback. 


DETAILS OF DESIGN AND CONSTRUCTION 


In this section there will be discussed only those elements which 
especially require detailed description. The foundation of the bridge 
proper is a heavy brass plate, on the lower side of which are mounted 
the parts shown within the shield in Fig. 2. The generator, amplifier, 
and filter are located externally at some distance from each other, to 
reduce shielding difficulties. The construction is shown quite well in 
Figs. 3 and 4. Especial care was taken in the design to make all parts, 
including the top plate, extremely rigid, so that the strain incident to 
placing the bridge in the testing bench would not throw it out of ad- 
justment. 

Ratio Resistances 

The two ratio resistances are wound in a single layer on a strip of 
bakelite 1/32 in. thick and 3.5 in. wide, and are coated heavily with 
paraffin to protect them from moisture. Each resistance is about 3000 
ohms. This type of winding, though not strictly non-inductive, has 
low enough inductance to satisfy the requirements of this particular 
bridge. The bakelite winding strip is rigidly spaced within its shield 
so that its position and hence the capacity cannot change. The shield 
is supported and insulated from the panel by two insulating strips. 
Especial care was found necessary in selecting the best insulating mate- 
rial for this purpose. The construction can be seen in Fig. 4, and Fig. 3 
shows the actual arrangement of the wiring. The two distant. ends of 
the resistance windings are connected together through the shield, and 
the terminals are brought out from the center of the winding strip. 
This construction permits the wires between the input transformer, 
ratio resistances, and balancing and phase condensers to run along the 
center of the panel, where their capacity to earth cannot be affected by 
bending or warping of the outside shield, and also facilitates reversing 
the input transformer and ratio arm connections for testing. 
Transformers 

The input and output transformers are alike in construction, the 
only difference between them being in the impedances of the windings. 
'The primary winding of each was wound next to the core in two equal 
sections, which were placed on opposite legs of the core and connected 
in series. Around each primary section а piece of copper foil was 
wrapped, and the secondary was wound over the foil, also in two equal 
sections. The copper foil constituted an electrostatic shield between 
the windings. 
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The winding impedances were selected to match the bridge imped- 
ances to the generator impedance and the amplifier input impedance. 
Over each transformer is a copper shield making tight connection with 
the panel. The transformers are placed at opposite ends of the bridge 
so as to reduce the coupling between them, and the division of the 
windings into two parts is relied upon to ТЕ айа the coupling to a low 
value. With these precautions, the copper shields are able to reduce the 
remaining small coupling to zero. 


Rheostats 


The rheostats in the condenser circuits, being on the high potential 
sides of the condensers, must be small, well separated from the shield, 
and symmetrically placed, so that their capacities to earth, which shunt 
the condensers under test, will be small and equal. The rheostats used 
are about the size of vacuum-tube filament rheostats, but use a carbon- 
impregnated strip as a resistance element. Their range is approximately 
50 to 2000 ohms. They can be seen in Fig. 3 on each side of the 
phase-angle condensers. All metal parts of the rheostats, including 
the shafts to which hard rubber knobs are attached, are an inch or 
more below the top panel. This has been found sufficient to prevent 
any disturbance when the operator touches the knobs to make ad- 
justments. 


Balancing and Phase-Angle Condensers 


The balancing and phase-angle condensers аге built in the form of 
a single unit containing two sets of rotor plates for the two condensers 
and a single pair of stator elements common to the two condensers. 
This condenser unit can be seen in Fig. 3. 

Since the balancing condenser in particular is subjected to constant 
use, it requires bearings which do not wear appreciably and which allow 
the shaft to turn freely without permitting even the slightest end-play 
or side-play. The best arrangement is to use a steel ball at the lower 
end of the shaft, pressing the shaft firmly against it with a spring in 
the upper bearing, and to make the upper bearing in the form of a split 
sleeve which fits the shaft snugly. Such bearings have been found to 
be much better than cone bearings. 

When the condensers under test are very nearly equal, say within 
1 or 2 uf, the difference between them must be accurately measured, 
but when the difference is greater, less accurate measurements will suf- 
fice. The stator plates are therefore so shaped as to spread the scale 
out at the center and compress it at the ends. This is shown in Fig. 5, 
which is a top view of the bridge. The maximum capacity difference 
that сап be measured is 7 иш. 
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TESTING AND ADJUSTMENT 
Ratio Arms 


The ratio arms were measured in an Anderson bridge and adjusted 
to be as nearly equal as possible, and then were allowed to season for 
several weeks before being used. When the bridge was completed and 
connected for final testing, the ratio arms were again checked by re- 
versing them. Although accurately adjusted resistances are likely to 
vary as they age, it was found to be possible to adjust the ratio resis- 
tances so that they would stay within one-half an ohm of equality. 
This is quite satisfactory, since it results in an error of only 1/60 per 
cent, or a maximum capacity error of 1 /15 шиї. 


Stray Coupling 


Stray coupling between the input and output circuits may occur 
directly between the generator and amplifier, between the input and 
output transformers, or between the leads. Such coupling, if it exists, 
is plainly evidenced by current flowing in the telephones when the in- 
put and output transformers are disconnected from the bridge. By 
making separate tests with the input and output transformers merely 
disconnected from the four corners of the balancing network, with the 
leads disconnected at the transformers, and with the leads disconnected 
at the generator and amplifier, it is possible to determine the source of 
stray coupling. In these tests it is necessary to avoid any electrostatic 
coupling between the leads, such as might be caused by exposing the 
ends of disconnected wires. 


Input Transformer 


The necessity for balanced input transformer windings has already 
been explained. Lack of balance was demonstrated by the failure of the 
bridge to balance properly,—more specifically, by the failure of the 
phase-angle condenser to effect a sharp balance with small external 
capacities. The remedy was to replace the input transformer with a 
new one, having more accurately constructed windings. 


CALIBRATION 


Calibration was carried out by connecting two finely adjustable 
variable condensers to the bridge, adjusting them to exact equality, 
and then changing one in small known capacity steps, at each change 
balancing the bridge circuit by adjusting the balancing condenser. 
The points so obtained were engraved on the bakelite panel surround- 
ing the dial. 
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INSTALLATION AND Usx 


The condenser bridge, with its associated apparatus, is set up for 
use in the factory by mounting on a special bench. The bridge is set 
flush into the top of the bench, with the dial nearest to the operator, 
as shown in Fig. 6. The generator and amplifier are placed in separate 
iron boxes on a shelf below the bench, and are several feet apart. АП 
wiring, except the output connections to the filter and telephones, is 
shielded with grounded copper braid. A sliding table is provided above 
the bridge, upon which the condenser to be inspected or adjusted is 
placed. Three terminals provided with clips connect to the condenser, 


Fig. 6—Condenser bridge in use in factory. The bridge shown here was an 
earlier model than that described. 


one being the ground connection to the common rotors, and the other 
two the connection to the stators of the two units to be balanced. 
These leads must, of course, be kept short and rigid, and must not 
come into close proximity to each other or to other parts of the con- 
denser. The stator connectors are provided with plug terminals which 
may be removed from the bridge in checking the zero balance. 

In operation, the bridge is first balanced to read zero capacity dif- 
ference with the stator connectors removed, by means of the adjusting 
knob Ст (Fig. 4). The phase angles are adjusted by the condenser Cp 
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and the rheostats Rp. The two condenser units to be balanced are then 
connected to the bridge, and the operator runs the variable condenser 
over its range with one hand, while the other hand follows the varia- 
tion of bridge balance with the balancing condenser C4 (Fig. 4). One 
of the stator connectors is then moved to the stator of another con- 
denser unit and the operation is repeated, thus comparing the capacities 
of all the other condenser units to that of the first one. Ifthe various 
units of the condenser are running well within the prescribed limits of 
accuracy, this is generally a sufficient check on the condensers. If the 
condensers vary considerably over the range, or if the limits are ap- 
proached, it is necessary that all the units be checked at the same set- 
tings by moving one of the stator connector leads to each of the stators 


Fig. 7 


in succession, thus comparing the capacities at each setting. This is 
repeated for as many settings of the condenser as seems necessary to 
insure that no one of the units varies from another by more than the 
prescribed amount. 

It is obvious that if the reference condenser is out of its proper ad- 
justment, all of the other units will appear to be incorrect by these 
methods of comparison. With the proper mechanical inspection of the 
condenser before the electrical inspection takes place, it is a relatively 
simple matter to determine the improperly adjusted units by a hasty 
check of two or more of the units before any time has been wasted in 
an accurate inspection of the condenser. 

When adjustments are to be made to the condenser units in order 
to bring about a balance, the procedure is first to determine the improp- 
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erly adjusted unit, and then to make the readjustment by bending 
the end plates of the rotor while the condenser is on the bridge. The 
proficiency of an intelligent operator in adjusting defective condensers 
in this manner is quite remarkable, and it is possible to correct a de- 
fective unit while on the bridge with nearly the rapidity with which a 
unit may be inspected. 

The writers are indebted to J. K. Brown for assistance in the ex- 
perimental work, and to the officials of the Zenith Radio Corporation 
for permission to publish this paper. 
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HUM IN ALL-ELECTRIC RADIO RECEIVERS* 


Bx 
B. Е. MIESSNER 
(Consulting Engineer, Short Hills, N. J.) 

Summary— This paper presents the resulis of some further work in the field 
of all-electric receivers, directed particularly to ward the design of receivers and power- 
supply systems requiring a minimum of apparatus and providing a maxtmum 
of hum eliminating action. It includes the enumeration of the causes of hum, the 
analysis and measurement of hum, and methods of tts elimination. 


I. Introduction 


HE present paper is the third of a series covering the results 

of research and development on electrie radio receivers. The 

first! of these was entitled “A New System of Alternating- 
Current Supply and its Application to a Commercial Broadcast 
Receiver.” This paper traced the development of electrically operated 
receivers, recited in detail the results of studies of the then commercial 
d-e vacuum tubes with a-e operated filaments, advanced theories for 
the hum introduced by this type of excitation, suggested a tube struc- 
ture better adapted for a-e excitation, and described the first all- 
electrie commercial broadeast receiver; this was the Garod Electrie 
Model E-A. 

The second paper, entitled “A Three-Element A-C Vacuum Tube,” 
dealt principally with further hum studies of commercial d-c tubes, 
and with the first low-veltage, high-current a-c tube of the three- 
element type suggested in the previous paper, which I had developed 
in the meantime. It also described another commercial broadcast 
receiver, the Garod Model E-M, in which this tube was used through- 
out except in the power stage. 


II. Causes of Hum in Electric Receivers 


There are many possible causes of hum in electrically operated 
radio receivers, some of which require rather careful and painstaking 
effort for location and elimination as a design problem; these may be 
classified under three general heads as follows: 


*Dewey decimal classification: R343.7. Presented before meeting of the 
Rochester Section of the Institute, April 19, 1929. 

1 Radio Broadcast, February and March, 1926, and Proc. Radie Club of 
America. Presented before Radio Club of Ameriea at Columbia University, 
September 22, 1926. 

2 Radio Broadcast, September, 1927, and Proc. Radio Club of America. 
Presented before Radio Club of America at Columbia University, May 18, 1927. 
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A. Tubes 
B. Induction 
C. Current Supply to Tube Elements 


A fourth which is seldom encountered in well-designed and fabri- 
cated sets is omitted from this classification. I refer to the mechanical 
hum caused by loose laminations or high saturation in transformers 
or chokes. 


A. TUBES 


While the hum introduced by tubes is usually beyond the control 
of the receiver designers, inasmuch as their designs are built around 
given tubes generally available, or to be available, nevertheless an 
understanding of the causes of hum in tubes is desirable. 

For the benefit, therefore, of those who have not digested the pre- 
vious literature on this subject, a brief discussion of causes of hum in 
tubes is here included. 

Alternating-current tubes fall at present into two classes, namely, 
those having three elements, wherein the cathode heating current 
passes directly through a filamentary cathode; and those having four 
elements, wherein the cathode is indirectly heated by radiation or 
conduction from an internal filament conductively, in the electrical 
sense, dissociated from the circuits of the tube. 

The three-element a-c tube may develop hum from several causes, 
independently or in combination. Among these the most important 
are: 

1. Temperature variation of the filamentary cathode. 

2. Voltage, or Edison effect, between the ends of the filament. 

3. Magnetic or magnetron effect of filament current on the space 
current. 

4. Unsymmetrical tube structure or emission from filament legs. 

5. Improper operating voltages. 


1. Temperature Effect 


When the filamentary cathode is heated by alternating current 
the heating power varies from one instant to the next with the in- 
stantaneous power of the heating current. Since the heat energy so 
developed leaves the filament by radiation, conduction, and electron 
evaporation, it is evident that the temperature of the filament will not 
be constant. It will vary at a frequency double that of the exciting cur- 
rent frequency and at an amplitude depending upon what I have 
termed its “thermal inertia.” This is a factor determined by the ratio 
of its heat storage capacity to its heat dissipating ability. The storage 
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capacity is determined by the specific heat of the filament metal and 
its cubical contents. The heat dissipation depends upon the radiating 
surface area, its radiation constant, its temperature, and also upon the 
nature of absorbing or reflecting objects in its immediate vicinity, 
and upon conduction effects from the filament ends. 

To secure a condition of minimum temperature variation, therefore, 
the storage capacity of the filament must be high, and its radiation 
losses low. That is, on the one hand the cubical contents and specific 
heat of the filament must be high; on the other hand, the radiating 
surface, radiation constant, and temperature must be low. These 
relations may be expressed as a ratio which we desire to have as small 
as may be necessary or desirable to accomplish our purpose: 


АТ*К 
VS 


Since the radiation rate varies as the fourth power of the cathode 
temperature it is very important to use the lowest possible cathode 
temperature for minimizing the temperature variation. 


2. Voltage Effect 

The effect first noted in incandescent lamps by Edison is present 
in three-element a-c tubes as a source of hum. The two-filament ends 
vary from zero to peak filament potential and reverse with respect to 
one another at the frequency of the filament exciting current. 

The leg positive at any given instant acts as an anode of low volt- 
age, but, without intervening grid voltage, also as a contender with the 
proper anode for the emission of the other filament leg. The effect of 
this is the same as if an auxiliary plate supplied with alternating volt- 
age of the filament frequency were placed in the tube along with the 
steady voltage anode. That is, it periodically substracts, at double the 
frequency of the filament current, from the proper anode current and 
therefore develops a hum. 

This effect may be minimized by using very low filament voltages 
compared to plate voltages, by separating the filament ends as far as 
possible, as by the use of a straight filament, or by an extension of the 
normal grid which shields one filament leg from the other. 

The author has shown in previous papers how this voltage 
effect may be made to neutralize within the tube a residual temper- 
ature variation effect of the type previously discussed. 


3. Magnetic or Magnetron Effect of Filament Current on the Space 
Current 
If the alternating magnetic field of the filament current has any 
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coupling with the steady field of the electron stream, a variable force 
between these two conducting paths will cause a periodic variation in 
the path length of the electron stream, which will introduce a cor- 
responding variation in the plate resistance of the tube, having a fre- 
quency double that of the filament current. This isin phase with the 
voltage effect and may therefore be neutralized with the latter by the 
temperature effect. 


4. Unsymmetrical Tube Structure or Emission from Filament Legs 


If the plate resistances from the two legs of the filament are unequal 
due to an asymmetrical structure, or if the emissions of the two legs of 
the filament are unequal, a hum may be introduced having a frequency 
equal to that of the filament exciting current. This may occur ina 
tube whose elements have been considerably displaced, or in a tube 
previously operated for a long period on direct filament current wherein 
one filament leg has lost its emission. 


5. Improper Operating Voltages 


If a three-element a-c tube be operated at high-filament voltages, 
a voltage or stealing effect hum may appear, and if operated at low- 
filament voltages, a temperature type hum may appear. If plate or 
grid voltages are too low, voltage type hum may also appear. The 
steady grid-bias voltage should always be higher by a factor of at 
least two or three than the filament voltage to prevent the signal 
voltage from cutting through it and allowing the grid to become pos- 
itive. The plate voltage should be high compared to filament voltage 
so that the voltage effect of the positive filament end will cause a 
minimum of electron diversion from the plate, and therefore a mini- 
mum of hum. 


AUDIO AND MopuLATION Hum 


When the above-described hum causes are present to sufficient de- 
gree in detector or audio tubes, a continuous hum will be heard in the 
speaker. A very small amplitude hum of this type may be objection- 
able because of the usual practice of tuning out all signals when listen- 
ing for hum. This same fact applies equally well to other types of hum 
introduced into the audio system. 

When the hum causes are present in radio tubes the hum does 
not appear until à radio-frequency carrier passes through them. Then, 
if they are strong enough to vary the mutual conductance of the tube, 
this radio-frequency carrier will be modulated, and the modulation will 
be detected and amplified as a hum. 
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This type of hum is many times erroneously attributed to the 
broadcast station, since it is heard only when a carrier is tuned in. 
А simple way to check this by ear for a given set or station is to tune 
in other strong carriers. If all develop this hum it may rather safely be 
attributed to the receiver, otherwise the particular transmitter is at 
fault. " 

It may be remarked here that the amplitude of this modulation 
hum is determined both by the amplitude of the modulating causes 
in the receiver and the amplitude of the carrier in the r-f tubes. Be- 
cause of this fact the modulation hum is usually masked by program 
modulation of the carrier at the transmitter, and by microphone, 
tube, and other noises, originating both at transmitter and receiver. 
The amplitude of the modulation hum as developed in the loud speaker 
may be controlled by the usual radio-frequency volume control in 
the receiver as well as by the tuning control. 

The second paper of this series previously mentioned describes 
in detail the method of measurement of modulation hum and the 
results of numerous measurements on tubes. 


Foun-EnEMENT Това Hum 


The four-element or heater type of tube eliminates for all practical 
purposes the temperature type of hum which is present to some de- 
gree in the three-element tubes available today. However, there are 
still present to some degree the sources of voltage and magnetic hum 
and in addition other hum-producing causes, such as conduction of 
filament current through the high-temperature insulation between 
cathode and heater filament. 

When all of the above-mentioned factors are properly reckoned 
with in tube and receiver design,—and certainly no severe limitations 
need by imposed by them on set designs, — ће three-element tube is 
capable of performance fully equalling that of the four-element tube. 
The tubes at present available are fairly satisfactory in performance, 
and are more easily and more cheaply constructed than the four- 
element type. Although the present construction provides a lower 
plate capacity in the four-element tube than in the three-element 
type, it is easily possible so to construct the three-element tube that 
this eondition will be reversed, so that the three-element tube will be 
preferable for use in radio-frequency circuits to the four-element 
tube. A straight filament with concentric grid and plate electrodes 
makes this possible. If, instead of the present one and one-half volt 
on the filaments, the voltage be reduced to one-half or three-quarters 
of a volt, as used in the writer’s three-element tubes previously de- 
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scribed and demonstrated, the three-element a-c tube may be made to 
produce less hum than the four-element type. It may therefore be used 
for detection, especially with the recent trend of one-stage audio 
systems and plate type or power detectors. 

At a time when all efforts are being bent towards simplification, 
price reduction, and improved performance in radio receivers, it ap- 
pears incongruous that tubes should be trending oppositely, as wit- 
nessed by the changes in the last few years from three to four and now 
to five-element tubes. 

Under present conditions, receiver designers ordinarily have no 
control over tube designs, and therefore the hum originating in the 
tubes themselves must be accepted or neutralized externally. If, 
however, as now appears probable, receiver manufacturers will also 
manufacture their own tubes, this undesirable condition will have 
good prospects of being remedied. 


B. INDUCTION 


Hum eaused by induction is a rather important factor in present- 
day electric receivers, particularly since the combination of power 
supply and receiver on one rather compact chassis has become the 
design standard. While the older plan, using a separately housed power 
supply, reduced the likelihood that this type of hum would be objec- 
tionable, it by no means eliminated it, particularly if the choice of 
power box location with respect to the receiver was left to an unskilled 
user or installer. 

Induction hums may be separated into two classes due to: 

1. Magnetic induction 
2. Electrostatic induction 


1. Magnetic Induction 


While the power transformer is usually the worst offender with 
respect to a-c leakage field, there are also other important sources 
which must not be overlooked. Among these particularly is the first 
filter choke. This choke, unless preceded by a very large condenser, 
carries an a-c component of considerable magnitude superposed on 
its already saturating d-c component. This, coupled with the use of 
air-gaps in the magnetic circuit to reduce saturation for maximum 
inductance, sets up a rather strong a-c leakage field. Due account must 
be taken of this in the physical design of the receiver. 

Of less importance, yet still to be considered, is the a-c magnetic 
field set up by other chokes such as the output coupling choke some- 
times used for speaker circuits, and output transformers, which, 
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because of no succeeding amplification, may carry a considerable filter 
ripple component without developing objectionable hum in the speaker. 

Filament feeder leads carrying several amperes of alternating cur- 
rent may cause some hum if run very close to the first audio trans- 
former of a good two-stage amplifier. Only in such cases need the 
two feeder leads be twisted. The twisting of these filament supply 
leads has unnecessarily been much overdone in the past. 

It is hardly necessary to state that the first audio transformer 
in the usual two-stage audio system is the most susceptible target 
for these alternating leakage fields. This is easily understood when it 
is remembered that any alternating voltage introduced therein will 
be amplified ordinarily about а hundred-fold by the succeeding am- 
plification. Good amplifiers, of course, demand greater care in layout 
with respect to induction than poor ones. À poor amplifier may have 
but little amplification at the predominant frequency of 120 cycles 
obtained with the usual full-wave rectifier, while at 60 cycles it may be 
practically nothing. Consequently power transformer induction re- 
quires but little consideration, unless power line harmonies, or 
harmonies introduced in the transformer itself, are large enough to 
cause saturation. In this case higher frequencies capable of good am- 
plification by poor low tone amplifiers are picked up and amplified 
to objectionable proportions in the loud speaker. 

High-quality amplifiers require extreme care in respect to induced 
hums. I recall one particular amplifier in a broadcast receiver which 
picked up and amplified into a loud hum the 60-cycle magnetic field 
of an alternating-current soldering iron at 2 feet distance! 

While the first audio transformer is naturally the most suseeptible 
to these stray alternating magnetic fields, the second transformer must 
also be given some consideration. It must further be remembered that 
the electron streams in the tubes themselves are as susceptible to the 
magnetic fields produced by external sources as they are to the 
fields of the internal filament or heater, and must therefore not be un- 
duly exposed to them. This applies especially to the tubes in the de- 
tector, first audio, and radio-frequency stages. 

Not to be forgotten here is the electrodynamic speaker. The pres- 
ent speakers of this type, when supplied with unfiltered or poorly 
filtered field current, develop a strong hum caused by induction into the 
moving-coil circuit of alternating currents produced by the alternating 
component of the field current. Also the field coil and frame possess 
a strong a-c leakage field under this condition and must therefore be 
kept at a distance or properly oriented with respect. to those parts of 
the receiver affected by such fields. 
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Separately excited speakers sometimes also develop hum caused by 
induetion from the field magnetic circuit to the signal input trans- 
former, or from the rectifier power transformer to the input trans- 
former. I have in mind one of the most recent designs of an important 
dynamie speaker manufacturer in which this last condition was found 
in pronounced degree. The induction hum in dynamic speakers caused 
by the pulsating field current has in the past caused considerable hum 
troubles when used with receivers otherwise free of hum. The usual 
methods of reducing this hum by bucking coils, shading rings, and con- 
densers are not very satisfactory. Measurements which I have made 
indieate that the normal bucking coil will reduce the induced current 
in the moving-coil system only to about one-third of its un-neutralized 
value; a heavy copper shading ring will reduce it to about one-half; 
a 2000-uf condenser of the dry electrolytic type, in the case of a low- . 
voltage rectifier type of field supply, will reduce it only about 30 per 
cent. 

The writer has perfected several neutralizing methods for this type 
of hum in dynamie speakers, having neutralizing factors of the order 
of 500. "These will be described in detail at some future time. 


2. Electrostatic Induction 


Hum caused by induction of low-frequency electrostatic fields 
arises almost wholly in the audio system, that is, in the detector and 
audio-amplifier circuits. The radio tubes have very low audio-fre- 
quency impedances from grids and plates to ground and therefore 
have low sensitivity to these fields: 

Hum of this type occurs mostly at the higher audio frequencies 
because of the fact that the amount of electrostatic coupling commonly 
present favors them. Any unshielded conductor carrying high alter- 
nating or pulsating voltage components may act as the source of these 
disturbing hums. Chief among these are the rectifier tube and its 
associated filament and plate-supply circuits, the wiring and devices 
associated with the input side of the filter, and the primary circuit of 
the power transformer. These have pulsating or alternating voltage 
components of considerable magnitudes above ground potential, and 
therefore produce rather strong electrostatic fields. The rectifier 
circuits require particular attention because the rectifier tube distort- 
ing characteristic develops considerable voltages at higher audio fre- 
quencies, which are favored by the fixed electrostatic couplings and by 
the higher amplifying ability of the receiver. 

Although gaseous type rectifiers have been practically abandoned 
in present designs, it may be remembered that they usually introduce 
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in addition to the audio-frequency hum effects above mentioned, 
radio-frequency disturbances capable of affecting the radio end of 
the receiver. Care must therefore be exercised in their use with re- 
spect to this characteristic. 

As with magnetic induction, the chief targets for the low-fre- 
quency electrostatic fields lie in the detector and first audio stages. 
With the now customary grid detection, the grid of the detector tube 
and the grid ends of the grid leak and condenser connected to it are 
separated from ground potential by very high audio-frequency im- 
pedances, namely, the grid leak and condenser, so that these portions 
of the detector input circuit are highly susceptible to audio-frequency 
electrostatic fields. Suffice it to state that a capacity of the order of 
1 uuf between this grid input and the rectifier filament or plates, or some 
other of the previously mentioned sources, may cause an entirely 
objectionable hum to appear in the reproducer. І have in mind a 
broadcast receiver which had a very objectionable buzzy type of hum 
because the detector tube was mounted within a few inches of the rec- 
tifier tube. 

To lesser degrees the detector leads and first audio grid leads are 
also subject to this type of induction. The degree of susceptibility, 
of course, is determined by the amount of amplification following the 
induction input point. 

Unless the filament of heater windings of the audio or detector 
tubes are very close to ground potential, that is, with but little or no 
audio-frequency impedance between them and ground, capacitive 
coupling between the rectifier windings and these filament windings 
in the power transformer may introduce hum, particularly in the de- 
tector stage. 


C. CURRENT SUPPLY TO TUBE ELEMENTS 


Omitting the filament supply current which has previously been 
discussed as a hum cause in receiver tubes, it is clear, I believe, that 
unsteady plate or grid voltages caused by insufficiently filtered current 
supply are a very common cause of hum in electric sets. 

The question of the current supplied to plate and grid circuits 
as a design problem for most effective use of a given amount or cost 
of apparatus has apparently not found its most effective solution in 
many receivers now available. 

While not actually a part of the power-supply apparatus, the 
filament or heater potentiometers may introduce hum-producing 
voltages in the grid or plate circuits of the receiver tubes if improperly 
adjusted or fixed. While the early electrie receivers were equipped with 
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two or three variable filament potentiometers, the most recent tend- 
ency has been to use fixed potentiometers or mid-tapped filament 
windings altogether. This is not advisable because of the variations 
in tubes with respect to the best adjustment of this potentiometer. 
This is especially true of detector tubes. 

Some designers have used filter elements lavishly, in many cases 
actually introducing hum by improper placement of by-pass con- 
densers or by use of improper circuits; others have succeeded in pro- 
ducing very quiet receivers with a smaller amount of hum-eliminating 
apparatus, and also without impairing the fidelity characteristic of 
the receiver as a whole. 


II. Methods of Hum Analysis 


Because of the very complex nature of the hum problems in electric 
receivers and of the fact that in the past they have concentrated their 
attention upon radio- and audio-frequency design, most engineers 
have not been able to give the proper amount of consideration to hum 
problems. 

It would appear, therefore, that a proper method of analysis by 
which the various hum causes may be searched out, identified, and 
measured, would be of very real assistance to such engineers, as these 
hums must be segregated and understood before intelligent steps to 
eliminate or mitigate them can be taken. 


Huw-MzrzasugnEMENT METHODS 


To begin with, some form of equipment for measuring hum should 
be available. This is not nearly so easily realized as it might appear; 
Since no partieular method capable of yielding accurate results appears 
to have been generally adopted, a number of methods will therefore be 
deseribed along with their advantages and limitations. 1% is hoped 
that а satisfactory scheme may grow out of one of these and become 
standardized. 

The unaided ear, while а good comparison device, is quite unre- 
liable otherwise, mainly because it provides no accurate indication or 
memory for amplitude, and yet in the end the ear is the sole judge of 
what constitutes a satisfactorily low hum level in receivers. 

The audibility meter used with head phones is better, but those 
who have used this method will doubtless agree that it is neither re- 
liable nor accurate. Е 

It may be suggested that the unaided ear 7s a satisfactory means 
of measurement if the distance between listener and speaker be in- 
ereased to the point where the sound is just over the audibility thresh- 
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old, and this distance itself or its squared value used as the intensity 
factor of the sound. In the first place, such a method requires either 
an absolutely quiet location or one with a small and constant amount 
of sound disturbance of uniform character or quality. In the second 
place, a location completely free from reflections must be used, as these 
set up stationary wave systems which hopelessly destroy the use of 
distance as the measure of intensity. Furthermore, because of the fact 
that all present speakers have great variations with respect to direc- 
tional sound distribution from the theoretical point source, demanded 
by the classical inverse square law, further difficulties are noted. It 
is evident, therefore, that this method is beset by a great many diffi- 
culties. While the head phone and audibility meter method eliminates 
reflections, external noise to a great extent, and also directional 
effects, there are few who can get consistent results with it. 

Microphone measuring apparatus will measure the amplitude of 
the air waves produced by the hum radiated from the loud speaker, 
but as we know, the ear responds to an energy factor proportional to 
the product of amplitude squaredand frequency squared. Since the hum 
is usually a complex tone, the microphone method provides no satis- 
factory indication of the normal ear response to the sounds which 
it measures, inasmuch as the frequency factor is not accounted for 
in its measurement. 

For the same reason a hum-voltage measurement across the loud- 
speaker terminals is not reliable. Here, in addition to the preceding 
difficulty, we have another in the fact that no speakers produce sounds 
over the complete hum-frequency range, whose amplitude bears a 
fixed ratio to the amplitude of the voltage across them. This, of eourse, 
could be overcome if the frequency characteristic of a given speaker 
were known. With the hum-voltage readings properly corrected by 
this speaker characteristic we would arrive at a measurement equiva- 
lent to that of the microphone method, but, of course, subject to the 
difficulties of the latter previously described. I have used this voltage 
measurement method to a considerable extent because of its simplicity, 
and I find it generally in use where any instrumental method is used 
at all, for with very good speakers the voltage readings follow with fair 
agreement the judgment of the ear as to loudness. However, with 
some speakers, à given adjustment, say of а filament potentiometer, 
will indieate more hum on the meter and less hum by the ear. "This is 
usually due to deficient low-tone reproduction in this speaker. When 
this method is used, therefore, the results must be weighted by the 
pitch and audible intensity of the hum. 

Another method is to substitute for the loud speaker a complex cir- 
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cuit to which the measuring vacuum-tubevoltmeter is connected, and 
which will so regulate the amplitudes of the various hum frequencies 
in a complex hum current that the meter reading will be corrected 
automatically for the frequency-response characteristics of speaker and 
ear. This corrected reading will provide a fairly true indication of the 
audible hum which that voltage would produce with a given speaker 
and normal ears. This, it appears, should be a rather good method. 

Another method is to interpose a tunable circuit between the 
voltmeter and the speaker terminals so that the voltage teach partic- 
ular frequency from 60 to say its 20th harmonie, or 1200 cycles, may be 
measured. These separate measurements may then be weighted in ac- 
cordance with the combined frequency characteristic of speaker and 
ear and then added together to obtain a measure of the audible in- 
tensity produced by these voltages when acting on the ear through 
the transforming action of the speaker. 

Another method of a similar nature is to make an oscillogram 
of the hum current, and by mathematical, graphical, or mechanical 
analysis to determine the frequencies and corresponding amplitudes 
of the various components. These may then be properly weighted and 
added together as above described, for obtaining the audible hum- 
producing intensity. 

These last two methods are quite evidently too laborious for 
ordinary use, although giving prospect of reasonable accuracy. 

There is still another method which appears to hold considerable 
promise. This was used by the writer in 1916 for making measurements 
of airplane noises while engaged by the Navy Department as expert 
radio aide for aviation at Pensacola, Florida. In this work I used a pair 
of radio head phones into which a 500-cycle signal current of known 
variable audibility could be sent. It was found that the signal current 
required in the telephones for audibility through the airplane noises 
was a very good measure of the noises themselves. It also served to 
indicate just what signal amplitude was necessary for satisfactory re- 
ception of signals through those noises under different conditions of 
flight. 

I found that the signal audibility threshold, which was raised 
some times several hundred times the normal threshold value by the 
airplane noises, was much more sharply defined than when no external 
noises were present, so that more consistent and reliable measure- 
ments could be made. This method could very easily be adapted to 
hum measurements in radio sets. To do this an audio oscillator of 
known voltage output together with a potentiometer and watch-case 
receiver is necessary. The oscillator, say a 1,000-cycle device of the 
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type manufactured by the General Radio Co., which is itself rendered 
inaudible by suitable sound shielding, has its output connected across 
the ends of the potentiometer, the output of which is connected to 
the watch-case receiver. The receiver is mounted as near the humming 
speaker as possible. The potentiometer is then adjusted until the 
oscillator signal is just audible through the hum of the speaker. If the 
observer listens at a distance of about one foot while sound reflecting 
surfaces are kept at a distance large compared to this, standing waves 
due to reflections need cause no difficulty. 

The voltage across the receiver as indicated by the potentiometer 
or as measured directly will then indicate the hum amplitude. This 
method is especially good because in the last analysis the ratio between 
signal and hum amplitudes in the receiver is of most importance, much 
as the static and signal levels are with static interference. If the 
measuring signal frequency lies in the neighborhood of the mean 
frequency of the program currents, for example, 500 to 1000 cycles, 
a very simple, easily operated, and satisfactorily accurate hum- 
measurement method is available. 


Locating Hum Sources 


One experienced in hum problems can usually, with the unaided 
ear and a few tests made without disturbing the circuit connections of 
the receiver, determine the cause of hum. Sometimes a mere listening 
test will disclose which of the three types of hum is predominant. 

While the audible character of these hums cannot be described 
accurately, I believe anyone with normal ears can distinguish the low 
tone with a peculiar singing note added due to a wrongly adjusted 
potentiometer or to magnetic induction from the power transformer. 
In receivers with poor low-tone amplifiers only the peculiar singing 
sound, like the singing of telephone wires, may be heard; this isproduced 
by higher harmonies of the 60-cycle current. 

The smooth, sonorous, 120-cycle hum, due to insufficient current 
filtration, such as а baritone voice might emit in speaking the word 
hum, is also easily identified. 

While not so often noticed, the “buzzy” type of hum is easily 
recognized too as originating in noisy detector tubes, of which it seems 
there are à great many, or in electrostatic induction from the rectifier 
and filter input elements. If you have ever had а wasp or bee buzzing 
at your ear you will have no difficulty in identifying this type. 

In addition to these unaided ear tests a few circuit changes made 
externally with a short piece of wire are very helpful. For example, 
if the speaker or its input transformer be short circuited, any hum set 
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up in the speaker itself will remain alone; if the grid input to the 
Second audio tube or tubes be shorted without disturbing the C bias, 
the addition of any hum by the output transformer, the second audio 
tubes, the current supply to grids or plates thereof, or off-set filament 
return, will appear, added to any hum already shown as caused by the 
loud speaker. If the grid input to the first audio tube be shorted, any 
induction hum entering the second audio transformer as well as any 
hum caused by the first audio tube or its grid or plate supply or its 
filament potentiometer, will appear added to those already noted in 
the other tests, if any there be. 

When this short circuit is removed, the added hum due to the 
first audio transformer induction, detector tube or detector tube plate 
current, detector potentiometer, static induction to first audio grid, 
detector plate, or detector grid, will be added, and thus the entire 
audio hum of the receiver will be built up step bystep. It may be noted, 
however, that in some receivers the hum decreases instead of increases, 
as the steps in this test are taken. This is due to what I have termed 
“inter-stage bucking,” caused by the neutralization of one hum by 
another. This will be discussed more at length later. 

Now if the detector grid leak be shorted, any static induction picked 
up on the grid side of this leak will be eliminated, and its effect on 
over-all hum noted. 

Finally, if a strong unmodulated carrier is tuned in, any hum 
causes present in the r-f amplifier will bring in hum, caused by carrier 
modulation in the receiver. This may also increase or decrease the 
over-all hum of the receiver, depending on whether or not, after de- 
tection, the phase of the carrier modulation with respect to the audio 
hum of the receiver is zero or has some other value, and whether or not 
its wave form corresponds to that of the audio hum. It is possible to 
neutralize a strong audio hum by a strong carrier hum in this wayif the 
circuit is properly arranged. 


COMPLETE Hum ANALYSIS 


While it is possible in a few minutes to locate fairly definitely 
the more usual hum sources in a receiver by the methods above out- 
lined, nevertheless a complete, quantitative hum analysis will, in any 
case, be a valuable design aid, and sometimes a very necessary one. I 
have prepared a series of tests involving numerous circuit changes in 
the receiver, which, if carefully carried out, will serve to locate and 
measure practically all types of hum. Some suitable hum-measuring 
method should of course be available. These tests for the sake of 
simplicity- are based on the use of an a-c vacuum-tube voltmeter 
connected across the input to the speaker. 
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The tests which follow are so arranged that the hum is measured 
in reverse order from output to input ends of the receiver. 


Ном TESTS 


Speaker Hum. If the speaker is of electromagnetic or inductor 
type using permanent magnet field excitation, or electromagnetic 
excitation produced by ripple-free direct current, no hum will be devel- 
oped in it unless it is located in some very powerful a-c field. The 
author has never noted such a case. 

Dynamic speakers, however, almost always do develop hum to 
some degree, due especially to coupling between field and moving 
coils. To measure this, allow the field coil to receive its normal ex- 
citation, disconnect the input transformer primary from the receiver, 
and connect across it the measuring device and a load resistance equal 
to the plate impedance of the tube or tubes normally connected across 
it. Also substitute 2 dummy load resistance in place of the power 
tubes in the receiver, if the speaker field is energized from the set 
rectifier. If a power transformer or the input transformer, or any other 
a-c stray field device, is mounted on or near the speaker, these may be 
removed and then replaced separately for further analysis of the 
speaker hum. 

Plate Ripple in Output Tubes. If the speaker has no measurable 
hum, it may be connected back in the receiver circuit and the hum 
meter connected directly across its input transformer primary, or 
across the speaker itself if no transformer be used; if the speaker hums, 
it is best to substitute an equivalent resistance across the tube output. 

The filaments of the power tubes are excited by a battery and the 
grid circuit from grid to filament return point is opened. Thena 
“С” battery of correct voltage is inserted instead of the normal trans- 
former secondary and grid-bias device. Thus only the plate-current 
ripple remains as a hum source, excluding induction sources, which are 
usually unimportant in this stage. This hum is then measured. 

Filament Hum. The filament and mid-point return may then be 
tested for hum by removing the “A” battery and using the normal 
а-с excitation, substituting a ^B" battery for the rectified plate cur- 
rent supply and leaving the grid battery in place. The dummy plate 
load of this tube should of course be used, but so connected that it does 
not enter the tube circuits. 

Grid-Bias Ripple. The grid bias in the power stage may now be 
tested by taking off the grid battery and substituting the normal power 
supply bias with input transformer shorted, and reconnecting the 
“A” battery instead of the a-c filament supply. The “B” battery should 
be connected between the B+ point of the output circuit and the fila- 
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ment return, and a dummy load connected between the B+ point of 
the filter for the power stage and the filament return in this stage, 
so that the normal biasing voltage and ripple will be developed. 

Power Tube Input Power Induction. 1f now with power tube oper- 
ating entirely on direct current, and the filter connected to а dummy 
load instead of to the tube, the primary circuit of the power tube in- 
put transformer be opened, and shunted by a resistance equal to the 
plate impedance of the first audio tube, any magnetic induction into 
this transformer, or any static induction to the second audio tube, may 
be measured. 

Ordinarily this is negligible, but may be considerable in special 
cases. 

First Audio Plate Ripple, Grid Ripple, and Filament Hum. These 
are measured as previously described for the power tube by the use 
of d-c filament, plate and grid batteries. 

First Audio Input Induction. This also is measured in the manner 
already described for the power tube, that is, with power and first 
audio filament, plate and grid voltages obtained from batteries, and 
the first audio transformer shunted by a resistance equal to the de- 
tector tube plate resistance. If magnetic or static induction is present, 
this may now be measured. If it is magnetic in character, this may be 
determined by unmounting the transformer, and removing it to a dis- 
tance, or orienting or preferably both, to determine the source of in- 
duction; if it is static induction, this may be determined, although not 
so easily, by placing the first audio tube in a separate unmounted 
socket properly connected and moving both tube and transformer 
away from the high a-c or pulsating sources. Magnetic induction into 
the tube itself may also be determined by this test if a certain amount 
of good judgment be used in analyzing the results. 

Plate, Grid, or Filament Hum of Detector Tube. These may be 
measured by employing again the same general methods above de- 
scribed for the first audio and power stages, except, of course, that if 
grid detection be used, no “C” battery is necessary, the grid leak being 
shorted instead. 

Modulation. To measure modulation hum, operate detector and 
audio amplifier wholly on batteries, remembering as before to substi- 
tute dummy loads for tubes where these are removed from the power- 
supply circuits. Then tune in a strong unmodulated carrier, prefer- 
ably from a battery-operated signal generator, of say 10,000 uv per 
meter. Any modulating influences, such as plate ripple, grid ripple, 
or tube modulation, produced by internal or external causes, will 
set up a hum the cause of which can be found as before, by the sub- 
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stitution of batteries, or by moving suspected external sources of mag- 
netic induction into the tubes themselves, such as power transformer 
or filter choke. 

While it is possible to suggest alterations or to elaborate still 
further upon this suggested procedure, I believe a sufficiently complete 
idea of the general method has been given, so that the various causes 
of hum may be tracked down and isolated by this process of elimin- 
ation. As before stated, the first step in hum elimination is to deter- 
mine its cause; then, ordinarily, remedies will suggest themselves. 


IV. Receiver Design for Hum Elimination 
MINIMIZING Inpuction Hum EFFECTS 


The hums caused by induction require very great care in elimi- 
nation, particularly in receivers with high-quality amplifiers, where 
available space is limited. When extremely compact designs are re- 
quired, the designer invariably experiences difficulty with induction. 

It is not my intention here to develop complete designs; but I 
will present some of the more important design methods that my ex- 
perience has shown to be of value. 

The preceding discussion has indicated that it is advisable to allow 
plenty of distance between the sources of inductive disturbances and 
those parts of the receiver most sensitive to them. In compact receivers 
the magnitude of the effects is much greater and therefore requires 
much more careful design and workmanship. For example, a first 
audio transformer when mounted within a few inches of the power 
transformer or first filter choke may cause little or no hum if both 
power transformer and audio transformer are located in precisely 
the correct locations and properly oriented. However, a displacement 
of a small fraction of an inch of either may destroy the condition of 
minimum coupling and cause a really objectionable hum to be picked , 
up. 

One method of reducing this induction in compact designs is to 
house the emitting source or the receiving device or both in suitable 
shields to confine the stray fields. Ordinary sheet iron such as that used 
for transformer housings, while perfectly satisfactory for electrostatic 
shielding, is of small effectiveness for magnetic shielding. A high grade 
of magnetic iron or steel, such as pure soft iron, or the usual magnetic 
steels, is much superior; while more expensive, the very high permea- 
bility alloys such as permalloy and others are by far the most satisfact- 
ory. Since it is difficult to predict the direction of minimum induction 
from a given source of stray magnetic fields, owing to the distorting 
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action of the steel chassis or of other neighboring magnetic bodies, the 
exact locations of power transformers, chokes, and audio transformers 
can hardly be predicted from theoretical considerations alone. The 
placement therefore is best determined expcrimentally. 

Although, as before mentioned, the first audio transformer is 
ordinarily the most sensitive part of the receiver to the stray magnetic 
fields, the second transformer as well as the tubes must be given due 
consideration also. 


ELECTROSTATIC FIELDS 


As before pointed out, these portions of the circuit and apparatus 
carrying high alternating or pulsating potentials above ground must 
either be statically shielded or removed to a safe distance from the 
sensitive input parts of the audio amplifier. The sensitivity of these 
points is in the following order: detector grid input, if grid-leak de- 
tection be used, detector plate, first audio grid, first audio plate, and 
so forth. 

The most troublesome sources of this induction are again, in order 
of amplitude, rectifier and filter input elements and wiring, primary 
circuit of power transformer, such as switch leads or connecting cord, 
and intermediate or output elements of the filter. To reduce or elimi- 
nate these fields as hum sources, it may be sufficient in designs with 
plenty of room to choose properly the locations of hum sources and 
hum-receiving devices or wiring. In compact designs complete electro- 
static shielding of the sources or of the receiving devices or both may 
be necessary. 

Where leads with high a-c potentials must pass near the sensitive 
points the induction may be eliminated by the use of shielded leads 
with shield grounded. Shields in the power transformer are also 
effective. While a shield between the primary and all the secondaries is 
common and effective in reducing both audio- and radio-frequency dis- 
turbances originating in the power line, another between the rectifier 
windings and the filament secondaries is also helpful. Shield cans 
around the detector or first audio tubes are also sometimes uscful. 

Since the detector grid and input leads, including grid leak and 
condenser, are especially susceptible to statically induced hum, these 
should be mounted as close to the chassis as possible or near some 
other parts of the receiver or wires at or near ground potential. 
The easiest method is to connect leak and condenser directly to the 
grid terminal of the detector socket and close to the metal chassis. 

If the detector plate lead to the first audio transformer be long 
or cabled, as it often is, with other leads carrying high or moderate 
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a-e potentials, the resulting induction can be eliminated by using 
shielded cable for this lead or for the offending source lead. 

These are the more important design aids useful in the develop- 
ment of hum-free receivers with respect to induction hum. 

When a hum persistently refuses to respond to any of these treat- 
ments, it may sometimes be neutralized by opposing magnetic or 
electrostatic couplings suitably chosen and adjusted. 


FILTER AND Receiver Design For MINIMIZING Hum DUE 
то RIPPLE AND PLATE SUPPLY TO TUBES 


The writer has for a number of years given a great amount of 
thought and study to the development of new methods of hum elim- 
ination capable of reliable performance with very small amounts 
and costs of filter apparatus. Some of these will now be described; 
others must be reserved for some future time. 

The filters generally used in the past few years have been chiefly 
what is usually designated as the “brute force” type. They receive the 
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rectified current and deliver to output terminals а substantially ripple- 
{тее direct current. Across the output terminals a voltage-dividing 
resistance is connected from which the various voltages of the receiver 
tubes are obtained by means of suitable taps. Such a system is shown 
in Fig. 1. 

Here is shown the power transformer PT, full-wave rectifier tube 
R and the familiar two-stage filter, consisting of chokes L1 and L2 
and condensers C1, C2 and C3. Across the filter output, that is, across 
C3, is connected the tapped resistor R, from which the several “B” and 
“С” voltages are obtained for the receiver. The condensers C4, 
C5, C6, and C7 are provided rather more for signal by-passes than for 
hum reduction. Without these, very strong interstage couplings in 
the receiver may be obtained which cause motor-boating or other oscil- 
lations, or degenerative effects on the desired signal. This circuit is 
typical of the now obsolete battery eliminators of several years ago, 
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but is still to be found in a number of otherwise modern réceivers. 
It requires, ordinarily, two rather large chokes and capacity to the 
total amount of 15 to 30 or more yf. 

While such a circuit can be made quite effective, if sufficient 
inductance and capacity be used, it is an expensive and inefficient 
System. You will note that the current supply for the power tube is 
filtered just as well as that for the first audio, radio, or dectector tubes, 
notwithstanding the fact that the detector tube plate ripple, for ex- 
ample, may be amplified as much as 500-fold into the plate or output 
circuit of the power tube. If the detector plate current is sufficiently 
filtered to prevent hum in the speaker connected to the power tube, 
after all of this amplification, then the plate current of the power 
tube, with no succeeding amplification, has been filtered 500 times 
too well. 

The logical arrangement, then, is to proportion the filtering for the 
different tubes in such а way that the current supply to any tube is 
no better than necessary. The power tube current requires relatively 
little filtering, the first audio and radio tubes more, and the detector 
tube most. That is to say, if the power tube hum will permit of a one 
per cent plate ripple, that of the first audio must be reduced to the 
order of 0.04 per cent, and that of the detector to the order of 0.002 
per cent. 

Because of the possibility of interstage couplings in the receiver, 
due to portions of the voltage dividing resistance being included alike 
in grid and plate circuits of tubes, with large intervening amplification, 
the by-pass condenser shown must be rather large. This is especially 
important with respect to C6 and C7, the grid by-pass condensers, 
because the resistances across which they are bridged are small. 

It is also to be noted that the resistance as connected across the 
filter output causes a loss of the rectified and filtered current, which 
performs no other really useful function than to generate unwanted 
heat. It may be argued that if all of the receiver tubes except the 
rectifier be removed, the filter condensers will be subjected to higher 
voltages, which this resistance helps to hold down by its loading effect. 
While this argument may have some validity for separate battery 
eliminators, in my opinion it has no validity in present-day receiver 
designs, inasmuch as intelligent users will not operate their receivers 
with all the tubes removed, especially if instructed not to do so. 
Furthermore, unless the wasted current in this resistance is a very 
considerable portion of the total filter load current its effectiveness 
as a voltage limiter may be small; and if the filter condensers have an 
otherwise satisfactory voltage rating they will certainly withstand 
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any temporary rise of voltage caused by the removal of one or more, 
or even all, of the receiver tubes. As we all know, these condensers 
are factory tested at voltages many times their rated voltage for con- 
tinuous service. 

The current wasted by the resistor is not the worst of its offenses. 
By increasing the load on the filter, it increases the ripple component 
of the filter output impressed upon the tubes of the receiver and there- 
by makes necessary the use of increased filter elements. 

The manner in which the ripple varies with the load current of a 
simple condenser type of filter, for varying capacities, is shown graph- 
ically in Fig. 2. The circuit diagram indicates the test arrangement. 


Fig. 2 


By means of resistors Ё and R1, the load current was varied at a con- 
stant load voltage of 250 volts, through the usual range up to 70 ma. 
Curves 1, 2, 3, and 4 indicate the variation of a-c ripple in volts pre- 
sent across the load with 1, 2, 4, and 8 uf of condenser, respectively. 
It is seen that with any given amount of condenser, the ripple voltage 
varies directly with the load current. The familiar law of diminishing 
returns noticed by most engineers engaged on filter designs is here 
clearly shown. , With one uf in circuit, the addition of another causes 
about a 50 per cent decrease in ripple, while the addition of three more 
only reduces it to about 25 per cent, and the addition of seven more 
only reduces it to about 10 per cent. These graphs make clear that all 
unnecessary loads on the filter should be dispensed with. Doubling the 
load, for example, requires double the amount of filter apparatus for 
the same ripple magnitude. 

The resistance, of course, also adds additional load on the rectifier 
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tube tending to reduce its life, makes necessary a larger power trans- 
former, and causes a greater current consumption from the line by 
the receiver, not forgetting the cabinet warping effects of the liberated 
heat. 

The voltage-dividing resistor is seen therefore to be an expensive 
element in receiver design. 


Filter R Det RF [АЕ Power 


Fig. 3 


Some manufacturers still use the tap resistor across the filter out- 
put as a “B” voltage divider only, the two grid voltages being obtained 
from bias resistors receiving the plate currents of power tube and 
r-f and first audio tubes. This now more generally used arrangement 
is shown in Fig.3. Here R is the plate voltage divider, Elis the power- 
tube grid-bias resistor, and R2 is the bias resistor for first audio and 
all radio tubes. To prevent circuit complication the coupling de- 
vices have been omitted from this diagram. While greatly reducing the 
possibility of interstage couplings, this arrangement still has most of 
the disadvantages of the preceding system. 


Filter 


A much better circuit arrangement is shown in Fig. 4. Here a 
series filter arrangement is shown which provides one stage of filtering 
for the power tube, two stages for the first audio and all radio tubes, 
and three stages for the detector tube. While choke coils may be used 
for the intermediate and detector filters, ordinarily the resistance values 
necessary for proper voltage reduction, when used with capacities of 
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1 or 2 uf, provide sufficient additional filtering for the intermediate 
and detector tube currents. 

It will be noted that this circuit eliminates all loss current, provides 
proper voltages for all tubes, regulates the filtering for given tubes to 
a degree determined by succeeding application, and eliminates the 
couplings between grid and plate circuits of different tubes previously 
noted. 

With a circuit of this type it is ordinarily possible to produce 
better results with about one-third the amount of filter apparatus re- 
quired by the first type, and with about one-half the amount required 
by the second. 

INTERSTAGE Hum BUCKING 


If this last arrangement has filter elements so proportioned that 
hums from all tubes due to filter ripple are equally low and unobjection- 
able in a loud speaker, we may proceed further to reduce the required 
amount of apparatus. This may be accomplished by reducing induct- 
ance or capacity in the first filter section so that the power tube devel- 
ops a hum having a magnitude five or ten times the tolerable limit, that 
is to say, about 1 volt, if the predominant frequency as usual is 120 
cycles. This is done also in the second filter stage, feeding the first 
audio tube, so that this produces a 1-volt hum in the plate circuit 
of the power tube. If now the phases of these two hums be reversed 
180 deg. in the plate circuit of the power tube, by properly poling the 
second audio primary, and by regulating the resistance R3 and con- 
denser C3, Fig. 4, these two hums may be neutralized. I call this type 
of neutralization “interstage hum bucking.” 

Hum may likewise be introduced in the detector stage by filter 
reduction, and neutralized either in the second audio or power stages; 
or it may be added to or substracted from the first audio hum and the 
residual neutralized in the power stage. ] 

If, as is usual, the radio tubes obtain their grid and plate voltages 
from the same points supplying the first audio tube, the best plan 
is to provide sufficient filter apparatus in the second filter stage to pre- 
vent the introduction of hum by all of these tubes, and then to neutral- 
ize the power stage hum by that of the detector stage. Otherwise mod- 
ulation hum may appear. 

A pure audio hum without r-f earrier can also be neutralized by 
carrier modulation, caused by insufficient filtration of the radio tube 
current. In this сазе the receiver may possess a strong hum when no 
carrier is received, which will disappear when a carrier, whether mod- 
ulated or unmodulated, at the transmitter is tuned in. The disad- 
vantage of this scheme is that unless the audio hum be adjustable, 
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the neutralization is complete only when the carrier input to the 
detector tube has a particular amplitude. This, as before mentioned, 
results from the fact that the carrier modulation amplitude is governed 
both by the receiver modulating influence and by the strength of the 
carrier in the receiver itself. 

Another form of interstage bucking occurs in most receivers with 
one or more filament potentiometers. Assume that fixed mid-point 
potentiometers or filament windings are used for power tube and first 
audio and r-f tubes, and that an adjustable potentiometer is used for 
the detector heater. It is observed that a fixed mid-tap will provide 
minimum hum with only a small proportion of tubes, so that for most 
tubes it is somewhat out of adjustment, thus causing a 60-cycle voltage 
to be introduced in the grid of the particular tube or tubes which it 
serves. An adjustable detector heater circuit mid-tap may be made to 
neutralize the hum зо introduced by setting up the same type of hum 


Tap 
Li L2 
E Oulput 
Rect. Filter | 
Fig. 5 


in the detector stage. This when amplified into the grid circuit of the 
first audio tube will, if correct in phase, wave form, and amplitude, 
neutralize the first-mentioned hum. The detector hum phase may be 
selected and its amplitude regulated merely by adjustment of this 
detector potentiometer. The same effect may be secured by using the 
adjustable potentiometer in the first audio stage instead of the detector, 
60-cycle induction or “B” ripple hums can also be neutralized to some 
extent in this manner. 


TAPPED CHOKE FILTER 


Another method of considerably increasing the effectiveness of a 
given amount of filter apparatus, or of reducing the amount of ap- 
paratus required for a given output ripple, is what I call a “tapped 
choke filter.” This circuit is illustrated in Fig. 5. Here the rectifier 
is connected to the filter choke at some point near one end, the filter 
condensers being connected to the ends of the choke winding. An in- 
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put condenser may also be connected across the rectifier if desired. 
This circuit ordinarily will reduce the ripple output by a factor of 
five to ten over that obtained with the same choke and condensers 
connected in the usual manner. Or, conversely, it will provide just 
as good a filter with considerably smaller values of the filter elements. 


Var: Tap Choke 
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The increased filter action is due to the neutralizing effect between 
the a-c components of the two portions of the choke. That is, a rather 
strong a-c component flows through the portion marked L1, the coup- 
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Fig. 7 


ling of which to L2 neutralizes to a large degree the alternating voit- 
age component therein, so that the output a-c component is reduced. 

Some curves showing the performance of this circuit will now be 
shown. ‘These curves were made by arthur B. MeCullah, of the 
Gulbransen Radio Co. of Chicago, and are here included by his kind 
permission. The circuit arrangement used is shown in Fig. 6. It will 
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be noted that an input condenser was connected directly across the 
rectifier, that the vacuum-tube voltmeter for measuring the filter ripple 
was connected across the power-tube load, and that the direct cur- 
rent in the filter was 94 ma. You will note further that the condenser 
connected to the left end of the choke is variable. 

Fig. 7 shows, for several tap points on the choke coil, the effect 
of changing the variable condenser. The per cent designations refer 
to the percentage of total turns in the input side of the choke coil. 
The ordinates are arbitrary measures of ripple and the abscissas are 
capacities of the variable condenser in ш. 

It will be noted that while low ripple levels may be obtained with 
capacities as low as 2 or 3 tenths of a uf, not much variation from the 
best value can be tolerated without increasing the ripple. 
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As the tap percentage increases, the capacity increases and be- 
comes much less critical. A 20 per cent tap appears to be quite effective 
without critical condenser value. 

In Fig. 8 is shown a family of curves indicating that the adjustment 
of the neutralizing condenser is not affected by change of input. or 
output capacities. 

Further tests have shown that if the full choke coil is used in a 
normal filter circuit, more than twice as much filter capacity is re- 
quired to reduce the ripple to a given level. 

This type of filter stage may of course be used singly or in series 
with others of the same or of different types. If the condenser across 
the rectifier is omitted, an additional advantage is obtained in that the 
rectifier load due to such a condenser is greatly reduced and the rectifier 
tube life prolonged. In a particular very popular receiver using а 
2-uf condenser in this position and having a filter output direct cur- 
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rent of 70 ma the alternating current through this input condenser 
was also 70 ma, thus increasing the load on the rectifier tube. Another 
valuable advantage of the tap choke filter is therefore evident. І have 
developed many modifications of this arrangement wherein choke 
coils of successive filter stages are coupled for hum reduction; also 
wherein filter chokes are coupled to audio transformers or to other 
audio-frequency coupling devices for the same purpose, and having the 
same general defect. 


NEUTRALIZATION BY Hum FEEDBACK 


Another method of hum neutralization which I term “hum feed- 
back” is capable of very surprising results. It is not used in the filter, 
but in the receiver circuit. The circuit arrangement as applied to a 
single tube or group of tubes obtaining plate and grid-bias voltages 
from the same points, such as the first audio and all-radio tubes as a 
group, is shown in Fig. 9. 


B 
To Filter 
Fig. 9} 


Here a tube is shown with input and output coupling devices, 
“B” voltage being obtained from the receiver filter output, and 
“С” voltage from the voltage drop produced across the grid-bias 
resistance R by the plate current of the tube. A condenser C is connect- 
ed across this resistance for signal by-pass, first to keep this resistance 
out of the signal output circuit, and secondly to prevent the signal 
voltage-drop across it from introducing degenerative effects in the grid 
circuit of the tube. Condenser C2 is the normal combined filter and 
filter by-pass condenser. So far this is a normal and now well-known 
circuit. If a strong ripple component is present across the “B” 
current input, that is, across C2, this ripple voltage will drive a cor- 
responding ripple current through the tube superposed on the direct 
current driven through it by the direct voltage. This a-c component 
will develop a corresponding alternating voltage across the secondary 
of the output transformer, which will ultimately appear in the follow- 
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ing reproducer as a loud hum. If the tube be used for radio-frequency 
amplification, the carrier will be modulated, and after detection and 
amplification, the hum will likewise appear. 

If now condenser C1 and resistance R1 be connected and properly 
adjusted, the hum will completely disappear without harming the nor- 
mal signal amplification of this amplifier stage; as a matter of fact it 
will actually be improved, because the plate circuit signal current will 
have another path from output transformer B+ to tube filament in 
parallel with that already provided through C2 in series with C and R 
in parallel. Furthermore, the signal thus by-passed through C1 R1 
cannot cause a degenerative effect because it does not flow through 
R and C, as does that portion flowing through C2. The action of this 
circuit is as follows: A path for the a-c component only of the “B” 
current is provided across B+ B— through C1, R1, and thence 
through С and R in parallel. Since C and R are included in the grid 
circuit of the tube, the a-c ripple thus developed will produce а 
ripple voltage of а magnitude, phase, and wave form determined by 
C1, R1, R, C, and the corresponding characteristics of the ripple 
voltage across B+ B—. When C1, R1, R and C are properly chosen, 
the neutralization is of а very high order. It will be seen that the effect 
of C1 R1 is to introduce into the grid circuit of the tube a ripple 
voltage of the same wave form but of opposite phase, and having an 
amplitude less than that of the plate-ripple voltage by a factor equal 
to the amplification factor of the tube. Both grid and plate therefore 
have the alternating ripple voltages applied, but these are neutralized 
at every instant, so that no alternating current can flow through the 
tube because of them, and only the direct component of the grid and 
plate voltages remains effective to permit current to flow. Since the 
signal input voltage is applied to the grid alone, it can and does pro- 
duce a corresponding alternating signal current component in the plate 
circuit, which appears in the output for further amplification, for 
speaker operation, or for any other desired function. 

Some curves showing the performance of this arrangement may be 
of interest, the data for which were obtained with the circuit arrange- 
ment shown in Fig. 10. 

А 280 full-wave rectifier tube is shown normally energized by a 
power transformer. It operates into a single stage filter consisting of à 
1/2-pf condenser C1, a choke coil L, having an impedance of 23,600 
ohms at 120 cycles and 31 ma of direct current, followed by a 1-uf 
condenser. 

А d-e milliammeter is included in the filter line to the load, which 
consists of the load resistance Ё and the 171 power tube shown. The 
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load current was 31 ma. A d-c voltmeter across the load resistance in- 
dicated the d-c voltage which was 220 volts. The 171 tube has no signal 
input but was provided with a proper output transformer connected 
to a Western Electric 540-AW speaker, and a vacuum-tube voltmeter 
as shown. The grid-bias resistance was 2,250 ohms, and its by-pass 
condenser СЗ was 1 uf. An adjustable mid-point potentiometer was 


Fig. 10 


included and carefully adjusted for minimum hum. The hum feed- 
back condenser C+, and resistance, R2, were both variable. 

In Fig. 11 the curve marked “Hum” with ordinates at the left in 
volts indicates the variation of hum output with simultaneous variation 
of the hum feed-back elements C4 and R2. Variation of R2 is indicated 
in the curve labeled R2, whose ordinate scale in ohms is at the right. 


Hum Variation 
with change of C4 and Best R2. 
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Fig. 11 


The abscissa scale is in uf of capacity of the variable condenser C4. 
For any given point on the hum curve, the capacity of C4 is given by 
the abscissa corresponding to the ordinate of this point. The resist- 
ance value for this hum point is obtained from the intersection of the 
ordinate with the resistance curve. Thus, for 3/10 uf and 2,000 
ohms, the hum voltage is 0.16 volt or 160 mv. The un-neutralized 
hum, that is, the hum with C4 equal to zero, is 600 mv, while the least 
hum, obtained with 1/2 uf and 1900 ohms, was only 10 mv. This 
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residual hum was caused almost altogether by the a-c filament exci- 
tation of the tube. 

In Fig. 12 the curve marked R2 represents the hum variation with 
variation of R2 alone, C4 being fixed at 1/2 uf; in the curve marked C4 
I show the variation of hum with variation of C4, the resistance being 
fixed at 1900 ohms. The abscissas of curve C4 indicate tenths of a 
uf, while for R2 they indicate thousands of ohms. These two curves 
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show the resistance and condenser tolerances with the neutralizing 
factor here indicated, which is about 60. 

This circuit may be used with equal advantage in audio- or radio- 
frequency amplifier tube circuits. I have with some forms of it ob- 
tained neutralizing factors as high as 10,000. That is to say, an output 
hum of say 50,000 mv could be reduced to one of about 5 mv when the 
circuit constants were carefully adjusted. I have developed many 
variations of the hum eliminating methods heretofore described, and 
many other methods, the presentation of which must be reserved for 
some future time. 
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SOME POSSIBILITIES OF INTELLIGENCE TRANSMISSION 
WHEN USING A LIMITED BAND OF FREQUENCIES* 
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FREDERICK EMMONS TERMAN 
(Stanford University, California) 


Summary—As an ideal lower limit, certain possible methods of radiotele- 
graph iransmission may require only a single side band of 25 cycles for euch 100 
words transmitted per minute, so that each average present-day short-wave channel 
provides enormous potential facilities for radiotelegraph transmission. Neglecting the 
requirements for the separation of channels to avoid interference, the maximum 
potential traffic capacity of the entire short-wave spectrum down to 10 meters 18 
something like 500,000 stations, each transmitting at 100 words per minute and using 
a double sideband. This figuredoes not takeinto account the possibilities of directional 
transmission, and assumes each station has worldwide range. The-problem of utiliz- 
ing these possibilities is economic and broadly political as well as technical; engineer- 
ing methods can be developed more highly than at present, whenever the economic 
value of the new channels created is suficient to pay the cost. 

The ultimate capacity of the broadcast band may approach one program per 
three channels for every listener. If synchronizing proves to be successful, by giving 
each broadcast chain a band of frequencies about 80 kc wide and requiring that 
the stations of the chain be divided into three groups, with each group operating on a 
different common frequency within the 80-kc band, the amount of broadcasting made 
available to the public may be enormously increased. Thus 80 chains averaging 
100 stations each might put 80 programs within reach of practically every listener in 
the country, and would, under certain ideal assumptions, permit the simultaneous 
operation of 8000 “super power” broadcast stations. The ultimate problem of 
broadcasting may be to find enough stations to fill up the chains, instead of restricting 
the number as at present. 

The real future of television probably lies in transmission over wires rather than 
radio. This is because the wide frequency band required for television having enter- 
tainment value can give more public service when put fo other uses. 

Progress can be made in building up a radio structure that will give the maximum 
of service to the public, by the encouragement of developments which may enable 
chain programs to be broadcast by groups of stations operating on synchronized 
carrier waves, and by the proper assignment of channels for radiotelegraph trans- 
MILSSLON. 


HE increasing use of radio communication has served to empha- 

size the fact that there is a limit to the facilities of this type which 

nature has supplied. It is felt by many that we are now approach- 
ing the limit of our radio resources, and that after stations are operating 
on all the channels now being rapidly assigned, the future of radio trans- 
mission will be primarily in operating these sending sets. 


* Dewey decimal classification: R190. Presented before San Francisco 
Section of the Institute, March 20, 1929. 


167 


168 Terman: Intelligence Transmission Using Limited Band of Frequencies 


It is the purpose of this discussion to evaluate the intelligence-carry- 
ing possibilities of our radio facilities, to point out what can and what 
cannot be expected from radio in the future, and to indicate in a general 
way some of the ultimate possibilities of radio communication. Em- 
phasis is intentionally placed on certain rather ideal considerations, 
and only incidental discussion is given of the apparatus limitations in- 
volved or possible ways of designing equipment to utilize the narrow 
band widths which are otherwise seen to be theoretically possible. 


FREQUENCY Banps REQUIRED FOR DIFFERENT CLASSES OF 
TRANSMISSION 


Intelligence may be transmitted by telegraph, telephone, still pic- 
tures, or moving pictures. Each of these methods requires the use of 
a band of radio frequencies having a width determined by the following 
principles: 

Telephone. A single side band 5000 cycles to perhaps 15,000 cycles 
wide is required for the transmission of speech and music of high quali- 
ty, the greater band width being required as the standard of quality 
becomes higher. Understandable speech requires all voice frequencies 
from about 250 cycles to 2750 cycles, a side band 2500 cycles wide. 

Telegraph. The side band required to operate an ordinary telegraph 
relay or printer at the receiver has been determined by engineers in- 
terested in submarine cable telegraphy, and is slightly under 2.0 times 
the dot frequency of the signal.^? The transmission of 1000 letters of 
ordinary English per minute by the Continental Morse code requires 
4762 dot frequency cycles per min.?, or a side band of approximately 131 
cycles when the received signal is to actuate a relay. With a five-ele- 
ment two-valued code of the type employed on multiplex printing tele- 
graph systems a transmission speed of 1000 letters per min. (200 words 

! The dot frequency is the number of dots per second when a continuous 
stream of dots is being transmitted. 

2 The exact figure that should be used is somewhat uncertain. Milnor, in 
“Submarine cable telegraphy,” Trans. A.I.E.E., 41, 20, 1922, states that satis- 
factory tape records are obtained when frequencies up to 1.5 times the dot fre- 
quency are preserved, and that satisfactory relay operation is obtained when 
frequencies up to 1.65 times the dot frequency are present. Curtis, in “The 
application of vacuum-tube amplifiers to submarine cables," Bell Sys. Tech. Jour., 
6, 425; July 1927, states that the receiver amplifiers used in the permalloy 
loaded transoceanic telegraph cables give an amplification that decreases from 
a high value at 1.5 times the dot frequency to practically zero at twice the dot 
frequency. 

In the remainder of this paper it will be assumed that telegraph communica- 
tion requires the transmission of frequencies up to 2.0 times the dot frequency. 
This figure is probably somewhat in excess of the actual minimum required, 
and can therefore be considered as including the narrow band of unused fre- 
quencies which must be present to separate adjacent channels. 


3 Frederick Emmons Terman, “Note on the effective heating of code trans- 
mitters,” Proc. I.R.E., 16, 802; June, 1928. 
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per min.) is obtainable when using a side band only 100 cycles wide.* 
By employing a synchronous vibrating relay to restore the shape of the 
received multiplex code signals it is possible to eut this frequency band 
in half,’ thus permitting transmission at 200 words per minute using a 
side band of only 50 cycles and giving perfectly shaped received signals. 
Such a narrow frequency band may seem fantastic to many radio peo- 
ple, but years of submarine cable practice have shown it to be com- 
mercially practicable in that service. 

Picture Transmission. The side band required in picture transmis- 
sion is proportional to the area of picture transmitted per sec., and the 
number of picture elements per square inch. The minimum side band 
that will carry the picture is one-half of the number of picture elements 
transmitted per ѕес., and this is sufficient only when all phase and at- 
tenuation distortion is corrected. It therefore requires a side band at 
least 1809 cycles wide to transmit 1 sq. in. of 60-line per inch picture 
per sec. under the most favorable conditions.’ 

Television. Television is merely picture transmission speeded up, 
but as each individual picture need not have a quality equal to that 
required of a still picture, television transmission can use fewer lines 
per inch in the picture, and can use a lower frequency band in propor- 
tion to the area of the picture. A good quality 50-line picture 1 in. 
square, when repeated 16 times per sec., requires a side.band of about 
15,000 cycles per second when all phase and attenuation distortion has 
been corrected,® and perhaps several times this value with ordinary un- 
corrected communication circuits. 


1 This figure is determined by the fact that such a code has 2}-dot cycles 
per letter, and assumes 5 letters per word. 

5 A. А, Clokey, “Automatic printing equipment for long loaded submarine 
telegraph cables,” Bell Sys. Tech. Jour., 6, 402; July, 1927. Some question 
might be raised as to whether it is possible to realize this halving of the fre- 
quency band in the case of radio. A study of the situation shows, however, that 
the synchronous vibrating relay can be applied to radio signals by introducing 
some minor and rather obvious modifications. It is to be understood that in 
making this statement the writer realizes the present economic situation is 
such that there is nothing to be gained by using such a relay, but at the same 
time, in evaluating the possibilities of radio communication, the synchronous 
relay must be taken into account. 

в Frank Gray, J. W. Horton, and R. C. Mathes, “The production and 
utilization of television signals," Bell Sys. Tech. Jour., 6, 560; October, 1927. 

7 [n present practice a wider frequency band is required. Thus in “Trans- 
mission of pictures over telephone lines," by Ives, Horton, Parker, and Clark, 
Bell Sys. Tech. Jour., 4, 187; April, 1925, 1t states that 5 sq. in. of 100-line 
picture are transmitted per minute using а double side band 1900 cycles wide. 
ш corresponds to a side band about twice as wide as the minimum possible 
value. 

Captain Ranger has stated that in the R.C.A. system of picture transmission 
it is desirable to preserve up to the third harmonie of the picture element fre- 
quency when using transmission circuits involving radio links. This gives a 
side band requirement of six times the minimum possible value. 

* On the basis of one-half the number of picture elements per second, this 


170 Terman: Intelligence Transmission Using Limited Band of Frequencies 


THE Present SITUATION 


The existing radio structure utilizes the useful radio frequencies 
very inefficiently as considered in the light of future possibilities, par- 
ticularly in high-frequency transmission, and in the case of telegraph 
communication. The high-frequency channels now assigned by the 
Federal Radio Commission are separated 0.2 per cent, this value being 
fixed by the frequency stability that can be maintained with certainty. 
A telegraph station operating at a frequency of 10,000 ke is accordingly 
assigned a frequency band 20,000 cycles wide in order to carry on a 
transmission that at 100 words per minute requires, as an ideal limit, 
only a single side band 25 cycles in width. Even the present broadcast 
band from 550 to 1500 ke could give much more publie service than 
it now does. The spectacle of 50 radio stations broadcasting the same 
chain program on 50 different frequencies may some day be recognized 
as one of great economie loss, and may ultimately be replaced by 30 
to 40 chain programs, each one of which could be broadcast by 50 to 
100 stations using 2 to 3 channels per program. With accurately main- 
tained frequency stabilization,it would undoubtedly be possible to oper- 
ate widely separated telephone transmitters on carrier waves separated 
in the neighborhood of 8 in place of the present 10 ke with a correspond- 
ing increase in the number of channels, although this would result in а 
loss of fidelity of transmission as compared with that obtainable with 
the 10-ke separation. 


Tux Economic BALANCE BETWEEN TYPES ОЕ SERVICE 


In the radio structure of the future it is almost axiomatic that 
every useful radio channel will be worked to the limit, and that the 
present inefficient situation is merely temporary. The change that is 
bound to take place will very profoundly alter the economic balance 
between types of service. At the present time, with 0.1 per cent fre- 
quency stability, neglecting the possibilities of directional trans- 
mission, two adjacent 20-ke channels in the vicinity of 10,000 ke pro- 
vide double side-band transmission facilities for two telegraph stations, 
or for two telephone stations, or for the transmission of something less 
than 2 sq. in. of 100-line picture per sec. or a fair television image less 
than 1 in. square. When every cycle is used to the very limit, these 
same two channels may be used to give double side-band transmission 
of a fair television picture about one inch square, or of something less 


figure would be 20,000, but the work of the Bell Laboratories indicates that the 
band may be reduced to 15,000 cycles without introducing more than barely 
detectable distortion in the image. This 25 per cent reduction is possible because 
the picture is moving. 
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than four square inches of 100 line picture per sec., or assuming perhaps 
rather extreme developments in the sharpness of cutoff of transmitters 
and the selectivity of receivers, four broadcast programs or an ideal 
maximum of 400 radiotelegraph transmitting stations cach operating at 
a speed of 200 words per min. 

It is apparent that the tremendous economic value which a narrow 
frequency band has, when devoted to message transmission, will cause 
most of the radio facilities to be ultimately devoted to telegraph or 
telephone communication, and that television will be relegated to an 
insignificant place. To have real entertainment value a single moving 
picture will require a frequency band that would displace some thou- 
sands of telegraph stations. Television signals will undoubtedly have 
some place in the radio structure, but their most promising method of 
dissemination appears to be over wire circuits. It is to be expected 
that broadcasting stations will be able to hold their own in competi- 
tion with the pressure from telegraph services because each broadcast 
station requires a single side band only 5000 to 15000 cycles wide 
in order to give entertainment to hundreds of thousands of listeners. 


THE EFFECTIVE UTILIZATION OF THE BROADCAST BAND 


The fundamental fact that must be considered in the broadcast 
band is £hat there are many more people and organizations that want 
to broadcast and that have the financial resources to do so than there 
are channels to accommodate their stations. Improved methods of 
controlling the frequency of the radiated carrier wave might, except 
for the increasing requirement for higher quality of transmission, be 
expected to permit a small reduction, in the width of each channel, 
and will sometimes make it possible to operate distant stations on the 
same channel with unsynchronized carrier waves without objectional 
heterodyning. At best, however, these developments are only pallia- 
tives. 

The real solution of the broadcast situation lies in the development 
of some form of chain broadcasting on synchronized carrier frequencies. 
One way of obtaining the required frequency control system would be 
by transmitting a synchronizing frequency of, say, 10,000 ог 20,000 
cycles on the same wires that are used to earry the program. The 
synchronization would then fail only in case the program also failed. 
Tests with broadcast stations in which two stations carrying the 
same program were supplied from the same frequency source, have 
been conducted in England and Germany, apparently with considerable 
promise of usefulness. 

The form of common frequency broadcasting that appears most 
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promising is a system in which the stations transmitting the same pro- 
gram are subdivided into two or three groups. Each group of stations 
would operate on a common frequency, but a different, frequency would 
be used for each group. When a number of stations broadcast a com- 
mon program on synchronized carrier waves, listeners who are so lo- 
cated as to be approximately equidistant from the two nearest stations 
will experience distorted reception and fading. The distortion is due 
to interference between the two stations with resulting reinforcement 
of some audio-frequency pitches and the elimination of others, while 
the fading is caused by changing phase relations between the two re- 
ceived carriers. The approximate locations of these areas of unsatis- 
factory reception is shown by the shaded area in the top diagram of 
Fig. 1, in which the dense shading represents the poorest reception. 

А second group of stations located in the same general area as the 
first group, and broadcasting the same program аз the first group, but 
using à new common frequency, would give areas of poor reception as 
indicated in the middle diagram of Fig. 1. Any listener in the area 
would then have the choice of receiving the common program from 
either the first or second group of stations, and would experience satis- 
factory reception from one or the other of the two groups except when 
located in the criss-cross shaded areas of the lower diagram of Fig. 1. 
By superimposing a suitable third group of stations operating on still 
another common frequency on this diagram, these remaining areas 
might be largely wiped out, thus insuring that every listener could re- 
ceive the program from at least one set of stations. 

With an arrangement of this type it would be technically possible 
to broadeast a program from 100 high-powered stations, using only 
three channels, and to reach substantially all of the receiving sets in 
the United States. The three channels employed should be adjacent, 
such as 1000, 1010, and 1020 kc in order that the listener in adjusting 
his receiver would unconsciously tune to the position of clearest recep- 
tion without fully realizing the exact situation. 

With an interlocking group system of the type described, the pres- 
ent broadeast band would accommodate over thirty nation-wide 
chains, which, if composed of 100 stations each, would permit simul- 
taneous broadcasting by more than 3000 “super-power” stations. 
These stations would be necessarily confined to chain programs at night, 
but in daylight hours could operate singly in the majority of cases. It 
is questionable as to whether the public would be able to support such 
a tremendous amount of broadcasting, and the ultimate problem of the 
future may be not how to restrict the number of stations but rather how 
to obtain a sufficient number to fill up the places available. The lack 
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Fig. 1— The shaded areas on the top diagram show the regions of poor 
reception when stations Ay Аз, Аз, and A, broadcast the same program on a 
synchronized carrier frequency. The shaded areas in the middle diagram show 
the regions of poor reception when stations B, Bs, Bs, and В, broadcast a.common 
program on a synchronized carrier frequency. The lower diagram represents 
the first two superimposed, and shows the character of reception when both 
А and B groups of stations transmit the same program, but with each group 
operating on a different synchronized carrier frequency. The regions of double 
criss-cross shading indicate the only loeations where a listener could nct receive 
the program from either one or the other group of stations, and it is apparent 
that these remaining areas of poor reception could be eliminated by superimpos- 
ing a third group of suitably situated stations having a third synchronized carrier 
frequency. 
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of suitable stations in certain localities, for example, and the inade- 
quacy of receiver selectivity to insure complete freedom from inter- 
ference would act as limitations on the working out of such an ideal 
system. 

A constructive plan would be either to reduce gradually the number 
of channels which a given chain program may occupy, or to assign each 
chain a frequency band 30 ke wide, and give it adequate time, say two 
years, to undertake to work out the technical details. After the system 
is in operation, every chain could be allowed to add new stations in 
areas not otherwise covered, inasmuch as all members of the chain 
could be within the 30-ke band. 


TECHNICAL PROBLEMS INVOLVED IN EFFECTIVE UTILIZATION OF 
нокт WAVES ror TELEGRAPH TRANSMISSION 


Successful operation of channels as narrow as 25 to 200 cycles re- 
quires that the transmitted frequency be maintained within 5 to 10 
cycles of the assigned value. With short-wave transmission on frequen- 
cies in the range from 10,000 to 30,000 ke this corresponds to a stabili- 
zation of the absolute frequency to better than one part in a million 
over indefinitely great time intervals and under commercial conditions. 
It may be difficult to attain such precision by the use of piezo-electric 
crystal oscillators, in view of the fact that under the most favorable 
conditions such oscillators cannot now be counted on to maintain a 
constant frequency to closer than 3 parts in 100,000 under commercial 
conditions, and it is not certain that any of the present laboratory 
standards are able to maintain their absolute frequency to better than 
1 part in 100,000 over long periods of time.? 

À complete realization of the possibilities of short-wave telegraph 
communication would undoubtedly require the establishment of a fre- 
quency synchronizing system in which a master frequency would be 
radiated from some convenient central location and used to control the 
frequency of all transmitting stations. Heterodyning frequencies for 
use at receiving stations could also be derived from the master fre- 
quency. The following arrangement would probably handle the situa- 
tion as far as North America is concerned: a suitably located station 
would broadeast a master frequency of 15 ke, and а number of frequen- 
cies derived from 15 ke, such as 30 Ке, and a series of high frequencies 
such as 3000, 6000, 9000 and 15,000 ke modulated at 15 ke or some 
sub-harmonie of this master frequency. In addition to the master 
frequency station there would be perhaps a half-dozen additionalsta- 


? J. Н. Dellinger, “The status of frequency standardization,” Proc. I.R.E., 
16, 579; May, 1928. 3 
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tions that would reradiate the master 15-ke signal. These stations 
could obtain their frequency control either from the 30-ke signal sent 
out by the central station, or from any of the short-wave signals. Al- 
though there would be locations where interference between the several 
15-ke carriers might make the reception of this master frequency un- 
satisfactory, all points in the country would presumably be able to 
receive either the master frequency or one of the derived frequencies. 
The development of an international frequency stabilizing system 
along this line might follow. 

Practically any desired frequency could be obtained from the stand- 
ard frequency by using the principles of frequency addition, frequency 
subtraction, harmonie and subharmonic generation, combined with 
the use of an accurately controlled local audio frequency to give 
intermediate points. Receiving troubles in such a frequency control 
system caused by atmospherics or “static” could be reduced by mak- 
ing the master frequency receivers extremely selective, and might be 
practically eliminated by using the master frequency energy to control 
the frequency but not the amplitude of the local transmitter. 

It would of course require large expenditures of money to establish 
and maintain an adequate frequency control system of the character 
suggested. If the necessary traffic were at hand, the economic value of 
the additional transmitting channels thus created would, however, pay 
the price many times over. 

There are many technical expedients now available which can be 
used to increase greatly the number of telegraph channels possible in 
a limited frequency band without waiting for such a national synchro- 
nizing system. These expedients are all designed to stabilize relative 
frequencies and can be applied where a number of transmitters can be 
grouped at one point. 

One method of packing a number of radiotelegraph transmitters 
into a limited frequency band is to use multiple modulation of the same 
carrier wave. Thus a 200-kw carrier wave could be modulated simul- 
taneously by d-c telegraph, by 200-cycle telegraph, by 400-cycle tele- 
graph, and so on, giving 40 telegraph channels each with 5 kw of 
carrier wave and with each allowed a 100-cycle signalling side band. 
The entire forty transmissions would occupy a band of frequencies 
only 16,000 cycles wide, and would have a possible traffic capacity of 
about 16,000 words per minute. A number of other schemes of this 
type are also available, but need not be described here. 

It is to be expected that the immediate development in short-wave 
telegraphy will be toward higher speeds of transmission, and a subdivi- 
sion of the present channels as better methods of frequency stabiliza- 
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tion are devised. Ultimately, however, it is probable that these two 
expedients will not be able to provide all the facilities required, and 
other more efficient means of utilizing the frequency spectrum will be 
required. 

One way to handle this situation would be to assign not channels, 
but frequency bands. Thus, instead of allotting 40 scattered channels 
to a given organization, it could instead be assigned say eight bands, 
each having the width of five individual channels. The holder of the 
bands should then be expected to meet the needs of a developing ser- 
vice, so far as possible, by more effectively utilizing the frequencies 
within the bands previously assigned to him. As five present channels 
in the neighborhood of 10,000 ke represent a band 100,000 cycles wide, 
and capable, in the ideal case, of transmitting about 400,000 words per 
min. using single side-band transmission and the best of modern com- 
mercial printing telegraph equipment, it is apparent that such a band 
allows for a tremendous potential expansion beyond present require- 
ments. 

The technical problems involved in the reception of short-wave tele- 
graph signals, when each channel is only 25 to 200 cycles in width, are 
numerous, but much can be done toward their solution by the proper 
application of known principles. Thus the selectivity necessary to 
separate any single channel or group of channels from unwanted trans- 
missions can be obtained by double, triple, or even quadruple detection 
receivers of the superheterodyne type, such as used on the transatlan- 
tic telephone circuit. The limitation here is the constancy of the het- 
erodyning frequencies, but this can be made at least as great as the 
stability of the transmitted frequencies, which is sufficient. In the case 
of multiple modulation transmission as described above, an allowance 
of a few thousand cycles of unused frequencies on each side of the 
16,000-cycle band of frequencies would make it possible to separate this 
band from other communications by a relatively simple double de- 
tection (superheterodyne) type of receiver. The separation of the 40 
separate signals within the band would call for the use of a highly 
developed wave-filter system. The elimination of cross modulation be- 
tween the various signals would require the use of a strictly linear de- 
tector. This discussion, while not a complete analysis of the reception 
problem, indicates that no insurmountable difficulties are present in 
the receiving apparatus. The costs, however, may be such as to post- 
pone the practical development of such systems until such time as may 
be warranted by the greater economic demands for circuits. 


CONCLUSION 
In the examination that has been made of the possibilities of radio 
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communication in the transmission of intelligence, several things stand 
out. Among these are: 

First, the fact that the average short-wave channel of widths now 
assigned can theoretically be made to carry hundreds of high-speed 
telegraph transmissions instead of one. 

Secondly, by the continued development of broadcast chains, and 
by taking advantage of the possibilities of common frequency broad- 
casting through use of an “interlocking group” system, the number of 
stations that can simultaneously operate in the present broadcast band 
can be increased many fold. 

Thirdly, these possibilities in radiotelegraph and broadcast trans- 
mission can be realized at least in part with technical means now avail- 
able. 

Fourthly, the Federal Radio Commission might go far toward stimu- 
lating the development of common frequency broadcasting by announc- 
ing that at the end of an adequate preparatory period the same 
program will not be allowed on more than three channels, and by as- 
signing а 30-ке band to each extensive chain system. 

Fifthly, great encouragement might be given to the more effective 
use of radiotelegraph channels by assigning bands of frequencies in- 
stead of individual channels, and encouraging the development. of 
methods by which each band may be used by an increasing number of 
transmitters. 

Sixthly, television can be expected to play only a small part in radio, 
and apparently has its future in wire transmission. 
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A THERMIONIC VOLTMETER METHOD 
FOR THE 
HARMONIC ANALYSIS OF ELECTRICAL WAVES* 


Bx 
CHAUNCEY Guy Suits 
(Department of Physics, University of Wisconsin, Madison, Wis. 


Summary—aA thermionic voltmeter method for the harmonic analysis of com- 
plex electrical waves is given. The sensitivity and accuracy of the method are tested 
by measuring wave forms of known harmonic content. Accuracy greater than 1 per 
cent (referred to the harmonic) for a harmonic of 10 per cent of the fundamental, 
and greater than 8 per cent accuracy for a 1 per cent harmonic may be obtained. 
Examples with oscillograms of various applications of the method are given. 
Sources of error and limits of sensitivity are discussed. 


INTRODUCTION 


KNOWLEDGE of the harmonie content of complex electrical 

current and voltage waves is useful in many phases of alternating- 

current practice. A need has been felt for a simple and accurate 
method of obtaining the amplitude of the harmonic components! at 
commercial and audible frequencies. Many of the excellent methods 
that have been devised for special purposes? are more involved than the 
type of work here described warrants. It is with these considerations 
in mind that the present method was developed. 


METHOD 


А complex wave form є (to be analyzed for harmonics) is impressed 
upon the input circuit of a thermionie voltmeter; in series with the 
above source is a local oscillator capable of being tuned to the frequency 
of the harmonics of the waveform є. As the frequency of the local 
oscillator is adjusted approximately to the frequency of the harmonic 
to be measured, the indicating needle of the anode milliammeter will 
oscillate slowly in response to the heterodyne difference frequency ; the 
frequency of &his slow oscillation is the difference between the frequency 
of the local oscillation and that of the harmonic, and when this differ- 
ence is made sufficiently small by tuning, one may read the amplitude 

* Dewey decimal classification: R261. Н 

! Measurement of the relative phase positions of the harmonie components 
is for many purposes unnecessary. 

? See for example: Proc. Phys. Soc., 40, 228; June, 1925. 

R. І. Wegel and C. R. Moore, Bell Sys. Tech. Jour., р. 299, 1924. 


А. С. Landeen, Bell Sys. Tech. Jour., p. 231, 1927. 
C. R. Moore and A. S. Curtis, Bell Sys. Tech. Jour., p. 217, 1927. 
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directly in milliamperes. From the amplitude of this heterodyne beat 
and the amplitude of the local oscillation (as read by the voltmeter 
when e —0) one may calculate the amplitude of the harmonic from 


Ii 
ЗИ d 
JE 


where Н is the amplitude of the harmonie, Гь the current amplitude of 
the beat note in the anode milliammeter А, L the amplitude of the 
local oscillation, and K a constant to be determined. 

The calculation of the constant will first be made for a simplified 
case, and the results of the analogous procedure for the more general 
case will be given. The simplified result is, however, a practieal one, 
and it will be shown that the factors introduced by the more exact 
treatment are below the sensitivity of the experimental method. 

The anode current of a three-element vacuum tube is a function of 
the voltage e, applied to the grid and the voltage e, of the anode, other 
parameters being constant. We have 


ta=f(@o,p)- 


For the special case of no external impedance in the anode circuit we 
may obtain the convenient power series expansion 


7=aye+are?+aze3+ - - - (1) 


where i is now only the variable component of the anode current and 
е is the total variable voltage applied to the grid. For the present 
purpose we shall confine the grid-input voltage to such limits that the 
static characteristic is essentially quadratic. This necessary condition 
involves no inconvenience, since with amplifier tubes now available 
large quadratic limits may be easily obtained? With this stipulation, 
a;=a,=a;=0. The input voltage is made up of the complex wave є 
and the local oscillation es. We have 


i = aye + азе? = aye + areo t азе? + a260? 4- Zare€o (2) 
where 
€9— Eo cos фо 
апа 
e= Ei cos $14- Es соз got · · · (8) 


($»—2 ф: еїс.). 
It is here assumed that the local oscillator wave form is sinuseidal and 


that the harmonie components of the complex wave are of like phase at 
thetime zero. Substituting (3) in (2) one obtains 


3 Jansky and Feldman, Jour. A.I.E.E., p. 126, February, 1928. 
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ї=ауЁ, cos ф + ail, cos ф о, cos $a + · · · 
-FasEs? cos? $s-l- as Es? cos? $i + о? cos’he+ · - - 
+2a2H EH, cos фе cos ф.+-20Е,Е, cos фу COS фз · + - 
F2as EAE, cos ф cos $»4-2a4EAEs cos $1 cos фз · · · 


(4) 


Or, grouping terms 


i-a, УЕ, cos pantar > En? соз? bx 
0 0 
+20 X EEn cos фо cos On (5) 
1 


+a: Уу J EnEn COS ф» COS фм. 
1 1 


(n¥m) 


By simple trigonometric changes we may write (5) in the form 


im lH ehe Sess Sue cre, 
0 2 0 2 0 
+a: JEE, cos (фо) +a: > EEn cos (фо—ф+) (6) 


-- a5 » УЕ. cos (nton) +a b» S ES cos (065—904) 
1 1 J 1 


(п> т) (пэт) 


where the squared terms have been resolved into zero-frequency and 
double-frequency components, and the product terms have been 
written in terms of the sum and difference frequencies. 

We shall define à? as that portion of the plate current 7 which is 
readable by a d-c meter. The quantity 67 will contain all steady com- 
ponents of < as well as those variable terms of frequency below the pe- 
riod of the indicator in the plate-current meter. We have therefore 


i= Ува YE, cos (фФо—Ф») (7) 
0 1 


where only one member of the difference frequency is present at one 
time. It is to be noted that the summation (last member of the right- 
hand side of equation (7)) contains all the possible difference fre- 
quencies that might be obtained under the assumptions involved, but 
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that for any given adjustment of the local oscillator to approximately 
the frequency of а harmonie only one of these differences may be made 
small at one time. Let us apply this result to a simple case. Let the 
complex wave form e be composed of the two components e; and єз. 


— &q-F- 6€ — E, cos 100+ E; cos 300: (8) 


The presence of а third harmonie may be ascertained and the 
amplitude obtained by tuning the local oscillator to near the frequency 
of the third harmonie for purposes of obtaining a small difference. 
Specifically, suppose 

є = Ey cos 299% (9) 


we may substitute in (7) to obtain 


ae аз а2 
= = E + : E? + 2 Es? +-о,Е,Ез cos 1t. (10) 


The local oscillator thus tuned to near the frequency of the third 
harmonic in the unknown wave form produces the heterodyne beat of 
frequency 1/27 and current amplitude aE os. The indicating needle 
of the anode milliammeter swings through I; =2a:E oE; amperes since 
the cosine term takes positive and negative values. We may then 
determine E;the amplitude of the third harmonie from 


I 
2 2as E, 


(11) 


where Г, is read directly, Eo is determined by placing e —0, since the 
instrument is calibrated as a voltmeter. The coefficient a is determined 
graphically or more simply from the voltmeter calibration. When used 
as a voltmeter operating over the quadratic portion of the static 
characteristic the calibration is given by 


02 
Ат= С = оЕ? тз.» (12) 


The coefficient a; is constant in the limits noted and is obtainable at 
once from the r.m.s. calibration. 
If alternating voltages are in r.m.s. values, (11) becomes 


I(D.C.) Y 


13 
4a5E o, s. : 


Sr.m.s. — 
The constant К noted in the first paragraph is therefore 1/40. 
If one assumes general wave forms for both the unknown wave form 
and the local oscillator, that is 
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€ — E; cos (¢1+y1) + E; cos ($a) + --. 


(14) 
€9— Vi cos (+k) + У, cos (to -]- ke) + „жы: 
the expression for 67 takes the following form: 
a п а n n m 
u nx E, + > а X; OU, СОА 
1 1 1 H 
(18) 


(n~m V. kn) . 


The expression (15) indicates the possibility of obtaining beat notes 
between higher harmonies of the local oscillator and the unknown wave 
form. However, the frequency of the harmonie beats of this {уре is 
different from that given by (7), and moreover with reasonable assump- 
tions as to the wave form of the local oscillator one may easily calculate 
for any given case that these spurious beat notes are of insufficient am- 
plitude to appear within the limit of sensitivity of the anode milliam- 


Fig. 1 


meter. In the work that has been done by the author with this method 
heterodyne beats between higher harmonics have not been noted; if 
present, they should appear superimposed on the fundamental beat 
expected from (7). From this and other considerations noted later it is 
concluded that the requirements imposed on the wave form of the local 
oscillator are easily satisfied experimentally. 

It should be particularly noted that a quadratic static characteristic 
is both necessary and sufficient for harmonic analysis purposes; a 
quadratic calibration curve follows of a necessity, but is not sufficient, 
since аз or higher odd coefficients may be present. When operation is 
confined to the quadratic limits of the static characteristic, wave form 
error is absent. 

The sensitivity of the method follows as a result of the heterodyne 
amplification that is obtained. The amplitude of the beat note is 
proportional to the product of the contributing amplitudes, and the 
only deterrents to making this as large as desired are the quadratic ` 
limits, or the zero-frequency component which eventually forces the 
beat note off the anode milliammeter scale. The latter may of course be 
balanced out. 
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EXPERIMENTAL SECTION 


In Fig. 2 the square root of the plate current A/I,is plotted for dif- 
ferent values of grid voltage, the data being obtained from the static 
characteristic of an R. C. A. UX-171 amplifier tube. The static char- 
acteristic is quadratic in grid valtage and plate current between — E,=4 
volts and —E, —20 volts within the limits of accuracy of this method. 
No difficulty is experienced in obtaining a quadratic portion of 16 
volts‘; a 5-volt portion or possibly less could be used for the purpose. 
If we chose E, ——13.5 volts and 7, —5 ma as the operating point, it is 
clear that a single sinusoidal component of peak value less than 8 volts, 


Vip уз GRID VOLTS 
Ох 2171 
1, = 0.5 AMPERES 
Ep = 70.0 VOLTS 


SQUARE ROOT OF PLATE CURRENT 


al 16 Ш 
NEGATIVE GRID VOLTS 


Fig. 2 

or in general a sum of components of total peak value less than 8 volts 
may be applied to the grid without exceeding the quadratic limits. The 
change in anode current for maximum applied alternating voltage will 
be of the order 1 ma and it will evidently be necessary to balance out 
the steady component of 5 ma. А convenient circuit is given in Fig. 3. 

4 Tubes of the 171 type, such as R.C.A. UX-171, Cunningham Cx-371 
or CeCo J-71 etc., all with the 0.5-ampere filament, have been found very suit- 
able. Of these tubes that have been tested the extent of the quadratic portion 


of the characteristic has invariably been found to be greater than 7 volts and 
often as large as 25 grid volts (as determined graphically). 
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The coefficient a» as determined from Fig. 2 is 0.0322 ma/volts? 
which agrees within the limit of error with as determined from the 
voltmeter calibration. The r.m.s. amplitudes of the harmonie com- 
ponents are then calculated from е 

á b 


ao 16 
0.1291, т 


In the following pages the results of a number of analyses 
of eurrent and voltage wave forms are given. The first group purports 
to establish the practical sensitivity and accuracy of the method, while 
the second is illustrative of convenient applications. 


ih 
70 
АУ 


d 
li + /дооо 


0- 0.5 т.а, А 
о-/0. ma with shunt 


Fig. 3—Filament current is adjusted by ammeter А. Ап adjustment of M 
(shunted, d open) to 5 ma by grid potentiometer compensates to a high degree 
of approximation for ehanges in voltage of the grid and plate batteries. The 
resistance across the input protects the microammeter in сазе of open input 
circuit. 


For the purpose of arriving at an estimate of the accuracy and prac- 
tical sensitivity, known wave forms have been measured. For example, 
a fourth harmonic (supplied locally) may be added to 60-cycle lighting 
current which normally has no fourth harmonic. The supplied har- 
monic is measured as a fundamental at its source, and its subsequent 
measurement as a harmonic component furnishes a test of the accuracy 
of the method. Table I contains three groups of measurements of har- 
monies of respectively 10 per cent, 5 per cent, and 1 per cent of the 
fundamental. 
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TABLE I 
Ip 
10 per cent harmonic а 
Tia) 86 85 85 93 90 77 
L (r.m.s.) 3.59 — 3:40 3.48 3.36 3.47 3.184 
H (at source) 0.189 0.20 0.20 0.219 0.208 0.193 
H (as harmonic) 0.193 0.198 0.198 0.223 0.209 0.195 
Percentagreement +3.2 —1.0 —1.0 1.8 +0.48 +1.0 
Per cent agreement, six measurements +0.75 
5 per cent harmonic 
Tp (ua) 36 40 40 41 40 40 
L (r.m.s.) 3.31 3.30 3.29 3.44 3.47 3.53 
H (at Source) 0.0965 0.0964 0.0975 0.0910 0 ‚0911 0 0911 - 
Н (as harmonic) 0.0877 0.0978 0.0981 0.0961 0.0929 0.0914 
Per cent agreement —1.2 +1.5 +063 +5. ADD — 4905 
Per cont веш, six measurements +1.5 per cent 
1 per cent harmonic 
1, (ua) 7.5 7.0 8.5 9.0 7.5 8.5 9.5 - 9.5 
L (r.m.s.) 2.73 2.73 2.42 2.38 3.03 3.04 2.5 2.49 Х 
Н (at source) 0.0228 0.0228 0.0305. 0.0306 0.0224 0.0225 0.0303 0.0303 
H (as harmonic) 0.0222 0.0207 0.0283 0.0305 0.0200 0.0225 0.0307 0.0307 
Per cent agreement —0.9 —9.2 —7.2 —0.33 —10.7 0.0 +1.3 +1.3 


Per cent agreement, six measurements —3.2 per cent 


The data in Table I was obtained under favorable experimental con- 
ditions, i.e., constant frequency and voltage of the measured source. 

The next example of interest is the peaked wave form shown in the 
oscillogram' of Fig. 4. This voltage wave form was produced by charg- 
ing a condenser in series with a high resistance by means of а square 
wave form from a commutator. The measurements of the harmonics 
may of course be verified, on the presumption that the wave form is 
perfect, since the Fourier expansion is familiar, being given by 


1 1 H 
ие; sin Pres sin du sin 5Ф+ a 


The series of measurements is given in Table IJ. Since considerable 
difficulty was experienced with changing frequency, and voltage fluc- 


5 The wave form as shown is badly distorted because of amplification and 
the small time constant of the condenser-resistance combination which was 
necessary to secure sufficient amplitude for oscillographing. When measure- 
ments were taken, however, the time constant =RC was 4.7 x101x 1079 = 0.047 
sec., while the fundamental frequency of the squared wave was 60 р.р. 8.; 
it is, therefore, safe to assume that deviations from an accurate peaked wave 
were not large. 
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tuations, this analysis is to be considered as an example of results 
obtainable under unfavorable experimental conditions. 

It is upon the groups of examples just given that estimates of the 
accuracy and sensitivity of the method are based. It may be therefore 
concluded that a harmonic of amplitude 10 per cent of the fundamental 
may be measured to 1 per cent accuracy; similarly a harmonic of am- 
plitude 1 per cent of the fundamental may be measured with at least 
3 per cent accuracy under favorable conditions. A harmonic as small as 
0.1 per cent of the fundamental may be detected but not measured with- 
in the sensitivity of the arrangement described.^ 

The method of testing the accuracy is not entirely satisfactory, 


Fig. 4 
TABLE II 
Ib 


H 


0.1292 


Peaked wave form, r.m.s. input 1.11 volts 
First Harmonic 


Io (ua) Ў 385 181 235 200 80 
І, (r.m.s. volts) С 1 1.36 1.82 1.60 0.68 

= ЕЕЕ м Ж € - E. 
Н (r.m.s. volts) 1.06 1.03 1.00 0.97 0.91 


Third Harmonic 


Ts (ua) 38 50 aF 50 43 
L (r.m.s. volts) 2.70 3.46 3.46 2.97 
H (r.m.s. volts) 0.109 0.112 0.112 0.112 


Н. average four determinations —0.111 


е For many purposes the percentage accuracy referred to the fundamental 
is the significant figure. The accuracy expressed in this notation is numerically 
much greater. 
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Fifth Harmonic 


Io (ра) 23 18 20 12 
L (r.m.s. volts) 3.64 3.91 3.16 3:35 
H (r.m.s. volts) 0.049 0.0357 0.049 0.030 


Н» average four determinations —0.0408 


Seventh Harmonic 


Iy (из) 10 9 9 11 10 
1, (r.m.s. volts) 3.48 3.66 3.53 3.53 3.54 
Н (r.m.s. volts) 0.0223 0.0191 0.0198 0.024 0.0219 


Н average five determinations —0.0216 


Summary оғ Resouts: RELATIVE AMPLITUDES COMPARED TO FOURIER COEFFICIENTS 


Harmonie 1 2 3 4 5 6 Т 8 
Four. coeff. he 

peaked wave. 1.00 0 0.1111 0 0.0400 0 0.0204 0 
As measured 1.00 0 0.1116 0 0.0410 0 0.0217 0 


since the percentage agreement between calculated and measured val- 
ues also involves the errors in the measurement of the harmonic at the 
source (in the case of the first example), or unknown imperfections in the 
measured wave form (in the second example); these errors are prob- 
ably small. 

When relative amplitudes of the harmonic components are the con- 
sideration, and this is very often the case, it is not necessary to know 
the coefficient a; since it enters as a factor into all the harmonic am- 
plitude measurements. 

Several interesting examples will now be given which illustrate 
applications of the method. The oscillogram (Fig. 5) is a portion of the 
voltage across a resistance shunting a variable frequency generator. 
The harmonics as measured are’ (each amplitude is the average of three 
determinations) : 

Variable Frequency Generator, at 60 p.p.s. 


1 
Harmonie 1 2 3 4 5 6 7 8 9 | 10 11 | 12 13 14 


Per cent total 
r.m.8. 0 2.3 0 2.6 | 0 | 1.8 | 0| 0 0 | 8.25 | 0 | 4.6 0 


i 


From inspection of the oscillogram the presence of the thirteenth har- 
monic might not be inferred; but one may measure the amplitudes with 
calipers with sufficient accuracy to indicate proper magnitudes for an 
eleventh and thirteenth harmonic in additive phase in the middle of the 
half cycle and subtractive phase at the zero line. 


' Harmonie amplitudes of less that 0.1 per cent of the fundamental will 
be considered zero for lack of better information. 
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Harmonic production in ferromagnetic inductances is well-known 
and has been extensively studied. In Fig. 6 are oscillogzams of the cur- 
rent wave in an iron-core inductance for successively increasing mag- 
netization current (the knee of the magnetization curve occurs at ap- 
proximately 1 ampere). Data obtained from the analysis is given in 
Fig. 8; for different values of the magnetization current are plotted the 
produced harmonics expressed in percentages of the total r.m.s. current. 
The 1000-cycle time wave shown in Fig. 6 is furnished by a General 
Radio fork maintained buzzer. Its analysis gives the following har- 
monic content expressed in percentages of the amplitude of the total 
r.m.s. value: 


G. R. 1000-cycle Fork Buzzer 


Harmonie 1 2 4 $ os a s 9 | 


Per cent total 


2.31 1.09 1.37 0.78 OP 0.57 | 0 


Fig. 5 


An analysis of the city lighting current is of interest. The voltage 
measured was obtained from a 1000-ohm resistance shunted across the 
line. The harmonies present in this source depend to a large extent up- 
on the particular type of load on the line; the determination here given 
represents characteristic values for this particular source. An ex- 
ceptionally pure wave form may be noted. 
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60-cycle Lighting Current 


з 14 
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Harmonic 5 9 
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Per cent total r.m.s. 0 


.21 *0 
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DISCUSSIONS or SOURCES OF ERROR 


" s 


* Detected but not measured 


The possible sources of error inherent in the method arise from two 
causes: (a) poor wave form in the local oscillator, and (b) non-quadratic 
curvature of the static characteristic. It is easily shown that these 
factors may be eliminated as difficulties of any consequence. 


15003 AMPERES [50.51 AMPERES 


ёо AMPERES 14:95 AMPERES 


Fig. 6 


(a) Oscillator Wave Form. Poor oscillator wave form may introduce 
an error in two ways. The harmonics of the oscillator may produce a 
heterodyne beat with harmonics in the unknown wave form. The 
frequency of these beats, is, however, different from that produced by 
the fundamental, and moreover, with reasonable assumptions as to the 
wave form of the local oscillator (largest harmonic component 2 per 
cent—5 per cent of the fundamental), one may easily calculate that such 
beats have insufficient amplitude to appear in the indicating (0-500 
ua) microammeter. The choice of sensitivity of the anode milliammeter 
is thus of considerable importance. For example, in the present case a 
full seale deflection of 500 ua is small enough to preclude the possibility 
of exceeding the quadratic limits ofthe characteristic with any practical 
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input voltage, while complications of the type above noted do not pro- 
duce a readable deflection. 

The wave form of the oscillator also enters into the determination of 
the local oscillator voltage L, equation (16) above, but since r.m.s. 
values are measured by the voltmeter, a 10 per cent harmonic would be 
required to produce 1 per cent error; hence with like assumptions as to 
the purity of wave form easily obtainable in a practical oscillator this 
source of error becomes insignificant. 


25 


HARMONIC PRODUCTION. CURRENT WAVE 
IRON CORE INDUCTANCE 


v 


S. 


HARMONIC, PER CENT TOTAL R.M.S. 


1.0 


20 3.0 
MAGNETIZATION CURRENT, AMPERES 


Fig. 7 


(b) Non-quadratic Curvature. Curvature other than quadratic may 
produce an error in the determination of the second harmonic, since if 
the coefficient аз of the series expansion for the characteristic is not 
zero, the apparent second harmonic of the same beat frequency has 
the amplitude 
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Ty 


3 
E as Es Es T 


where Eois the amplitude of the local oscillation, E;sthesecond harmonic, 
which may be zero, and E, is the fundamental in the unknown source. 
Even though E; is zero the portion 3/4 a5 Eo of the same beat fre- 
quency produces an apparent second harmonic. For any general case 
a correction may be applied by the relation just given, since the 
coefficient аз is easily determined (0.00036 ma/V* for the tube here 
used). However, the correction may be easily avoided by the simple 
precaution of keeping the input voltage of the unknown wave form 
small, of the order 0.5 volt. This is only necessary when measuring the 
second harmonic. 

Similarly the presence of the coefficient a4 might be suspected; 
this was tested by measuring 60-cycle lighting current from which the 
normal third harmonic has been filtered. No apparent third harmonic 
could be detected. The leading term in the expression for the apparent 
third harmonie is 


a4 h 
; 


from which it is concluded that the coefficient a, is zero or smaller than 
0.000004 ma/V*. Higher coefficients may be tested in a similar man- 
ner; such tests have yielded negative results. 


SENSITIVITY LIMITS 

The sensitivity limits with a (0-500) microammeter in the plate 
circuit have been indicated above. Maximum sensitivity to small har- 
monies is had when the r.m.s. voltage furnished by the measured source 
and the r.m.s. voltage of the oscillator are equal. A considerable gain in 
sensitivity (of order five times) may be obtained under good experi- 
mental conditions by balancing out the zero-frequency components in 
the microammeter deflection, and increasing the current sensitivity of 
this instrument. This has been done with some success. Any increase 
in sensitivity in this direction requires constant voltage characteris- 
tics in the measured source and a proportionate improvement in the 
wave form of the local oscillator. The harmonics 6, 7, 8, and 9 in the 
analysis of the wave form of the G. В. 1000-cycle fork vibrator given 
above were determined by the double balance method here described. 


Discussion AND CONCLUSION 
The method of harmonic analysis here given is thought to be capa- 
ble of wide application; the simplicity of the experimental procedure 
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suggests its ready use in many laboratory problems such as the meas- 
urement of amplifier distortion, oscillator wave form, and the like. 
The high impedance characteristics of the voltmeter input circuit in- 
sures practically zero power drain from the measured voltage. The 
wave form requirements on the auxiliary oscillator are easily met, and 
the calibration need not be accurately known. The principal limitation 
imposed on the method, inherent sensitivity limits excepted, is that the 
voltage and frequency of the source shall be constant enough to allow 
tuning to slow beat frequency. The relative phase positions of the har- 
monic components is not determined, but for many purposes this is 
unnecessary. It is interesting to note that the calculation here given 
does not apply uniquely to the vacuum tube, but to any circuit element 
of quadratic characteristics and frequency independence. 

The versatility and usefulness of the type of thermionic voltmeter 
described (plate-current rectifier operating on quadratic characteristic) 
is such as to make it almost indispensable for many types of laboratory 
work. In addition to harmonic analysis as described, the instrument 
is useful as a high-impedance voltmeter (range 0.4—4.0 volts r.m.s.) 
for measurement of current, voltage, inductance, capacitance, power 
factor, amplification factor, resonance in coupled circuits, signal 
strength, and the like. The frequency independence to 3 X 10° p.p.s. 
is assured, and wave-form error is entirely absent. In conjunction with 
a local oscillator and without further calibration, one may measure very 
small alternating voltages (range 10—2000 mv r.m.s. by beat notes, 
similar to the method described by Aiken.* The amplitude of the funda- 
mental of the measured voltage is given by 


Ii 
HEY ER 
4asE, r.m.s. 


In conclusion, I wish to express my sincere indebtedness to the late 
Professor E. M. Terry, and to Professor Leo. J. Peters for valued 
suggestions. 


5 C. B. Aiken, Jour. Opt. Soc. Amer. and Rev. Scien. Instr., p. 440, December, 
1928 
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BOOK REVIEWS 


The ABC of Television or Seeing by Radio, by Raymond Francis Yates. Nor- 
man W. Henley Publishing Co., 205 pages, 78 line drawings, and 12 full- 
page halftone illustrations. 


“The ABC of Television,” by Raymond Francis Yates, former editor of 
Popular Radio, is a convenient collection of information regarding the general 
theory of television and still picture transmission and reception, and of practi- 
cal details for the guidance of amateur experimenters and constructors. The 
volume is addressed particularly to the latter group rather than to the scientist 
or laboratory technician. 

Among the systems described in detail are the television device demon- 
strated by the Bell Telephone Laboratories, due to Herbert E. Ives; the Ranger 
system of still picture transmission; the television principles demonstrated by 
E. F. W. Alexanderson at Schenectady; the drum scanner and the prismatic 
disk of Jenkins; and the corona system of still picture reproduction invented 
by Austin G. Cooley. Constructional details of the latter and of the conven- 
tional manually synchronized spiral scanning disk type of television reproducer, 
including all the necessary associated equipment such as high-frequency re- 
ceiver, amplifiers and speed control equipment, are described in the usual man- 
ner of publications appealing to the amateur experimenter. Much relevant 
information regarding sources of supply for photo-electric cells, characteristics 
of neon lamps and selenium cells, and synchronizing systems are included in 
this comprehensive volume. 

As a whole, the manual is interestingly written and reflects the author’s 
long experience in writing for the home experimenter. The volume is a clear 
and comprehensive starting point for the beginner in television. 

Ервлв H. Fenix! 


1 Radio Consultant, National Electrical Manufacturers’ Association, New York City. 


The Physical Principles of Wireless, by J. A. Ratcliffe. Published by E. P. Dut- 
ton and Co., 104 pages. Price, $1.15. 
Contents: Oscillatory circuits; valves; wireless transmitters; reception of 
wireless signals; wireless telephony; amplifiers; miscellaneous. 

This book gives a concise and fairly elementary treatment of the funda- 
mentals of radio. The fresh and illuminating explanations make it an excellent 
book from which to get clearly and quickly the most important scientific prin- 
ciples of radio with the minimum of details, As suggested by the title, it isa 
treatment of physical principles and should not be confused with the more 
common elementary radio manuals containing extensive detailed descriptions 


of apparatus and circuits. 
S. S. Kresy* 


* Assistant Physicist, Bureau of Standards, Washington, D. C. 
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BOOKS RECEIVED 


The Radio Manual, by GrorcE E. SrERLING, edited by Robert S. Kruse. 
Published by D. Van Nostrand Company, Inc., 1929, revised. 798 pages, 5X8 
inches, illustrated. Price, $6.00. Contents: preface to second edition; introduc- 
tion; elementary electricity апа magnetism; motor generators; storage batteries 
and charging circuits; theory and application of the vacuum tube; fundamental 
circuits employed in vacuum-tube transmitters; modulation systems and 
associated apparatus; wavementers, piezo-electric oscillators, wavetraps and field- 
strength measuring apparatus; marine vacuum-tube transmitters; radio broad- 
casting equipment; the arc radio transmitter; spark transmitters; commercial 
radio receivers and associated apparatus; the auto-alarm; radio direction finders; 
aircraft radio equipment; amateur short-wave apparatus; practical television 
and radio movies; radio interference; radio laws of the U. S. and international 
telegraphic conference; handling and abstracting traffic; four appendices. 


Radio Traffic Manual and Operating Regulations, by Ruporpeu L. Duncan 
and Снавігѕ E. Drew. Published by John Wiley and Sons, Inc., 1929. 188 
pages, illustrated, 62 X94 inches, paper cover. Price, $2.00. Contents: foreword; 
acquiring the code—use of Q signals; operating rules and regulations of the 
Radiomarine Corporation of America; International Radiotelegraph Conven- 
tion; U. S. radio act of 1927; ship act of July 23, 1912; regulations governing the 
issuance of radio operators’ licenses; index. 


Electricity—What It Is and How it Acts, by Anprew W. Kramer. Pub- 
lished by Technical Publishing Company, Chicago, 1929. 274 pages, illustrated, 
5 X73 inches, cloth binding. Price, $3.00. Contents: preface; introduction, 
fundamental conceptions; arrangement of electrons in atoms; structure of 
atoms of various elements; matter in the aggregate; electric conduction through 
gases; conduction in liquids; electric conduction in solids; relation of atomic 
structure to conduction; difference between insulators and conductors; theory 
of the condenser; production of the magnetic field; theory of the solenoid; reac- 
tion between current carrying conductors; determination of the mass of the 
electron; determining the charge of the electron; the Millikan oil drop experi- 
ment; the numerical value of the electronic charge; principles of thermionie 
emission; the two-electrode vacuum tube; further considerations regarding the 
two-electrode vacuum tube; the three-electrode vacuum tube; the disruptive 
discharge; theories of the electric arc; concluding considerations of the electric 
arc. 


BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED 


Booklets describing the characteristics of the following transmitting and 
receiving tubes may be obtained without charge from the Radiotron Division, 
Radio-Victor Corporation of America, 233 Broadway, New York City, N.Y. 


UV-203A Triode. Oscillator and R-F Power Amplifier. Output—75 watts. 

UV-206 Triode. Oscillator and R-F Power Amplifier. Output—1,000 watts. 

UV-207 Triode. (Water Cooled) Oscillator and R-F Power Amplifier. Output— 
20,000 watts. 

UV-211 Triode. Oscillator, Power Amplifier, and Modulator. Maximum Undis- 
torted A-F Output—10 watts. 

UV-214 Diode. (Water Cooled) Maximum Peak Inverse Voltage— 50,000 volts. 
Maximum Peak Plate Current—7.5 amperes. 

UV-217A Diode. Maximum A-C Supply Voltage (R.M.S.)—1,500 volts. Maxi- 
mum D-C Load Current—200 milliamperes. 
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UV-217C Diode. Maximum A-C Supply Voltage (R.M.S.)—3,000 volts. Maxi- 
mum D-C Load Current—150 milliamperes. 

UV-218 Diode. Maximum Peak Inverse Voltage—50,000 volts. Maximum Peak 
Plate Current—0.75 amperes. 

UY-224 Tetrode. R-F Amplifier for A-C Operation in Receivers. 

UY-227 Triode. Detector and Amplifier for A-C Operation. 

UX-245 triode. Power Amplifier for A-C Operation in Receivers. Maximum 
Undistorted A-F Output—1.6 watts. 

BEES Triode. Voltage Amplifier. Maximum Peak A-F Voltage Output— 250 
volts. 

UX-842 Triode. A-F Power Amplifier and Modulator. Maximum Undistorted 
A-F Output—3 watts. 

UV-845 Triode. Modulator and A-F Power Amplifier. Maximum Undistorted 
A-F Output—20 watts. 

UX-852 Triode. Oscillator and R-F Power Amplifier for High-Frequency Trans- 
mission. Power Output—75 watts. 

UX-860 Tetrode. R-F Power Amplifier for High-Frequency Transmission. Power 
Output—75 watts. 

UX-864 Triode. Non-Microphonic Amplifier or Detector. 

UX-865 Tetrode. R-F Power Amplifier and Oscillator. Power Output—7.5 
watts. 

UX-866 Diode. (Mercury Vapor) Maximum Peak Inverse Voltage—5,000 
volts. Maximum Peak Plate Current—0.6 amperes. 

UV-872 Diode. (Mercury Vapor) Maximum Peak Inverse Voltage—5,000 
volts. Maximum Peak Plate Current—2.5 amperes. 

UV-1651 Diode. Maximum A-C Supply Voltage (R.M.8.)—4,000 volts, Maxi- 
mum D-C Load Current— 250 milliamperes. 


The “Disturbo-Ducon” is a filter for power-line disturbances and is described 
in a new leaflet issued by the Dubilier Condenser Corporation, 342 Madison 
Avenue, New York City. 

A new bulletin of the Amrad Corp., of Medford Hillside, Mass., describes 
the mershon condenser and some of its uses. 

The Yaxley Manufacturing Co. announces a new booklet describing radio 
convenience outlets for use in hotels, residences, hospitals, schools, and apart- 
ments. 

A “Condenser and Resistor Manual” is available without cost to all who 
request it. Address the Aerovox Wireless Corp., 70 Washington Street, Brooklyn, 
N. Y. 

The condenser transmitter of Jenkins and Adair is described in their bulletin 
No. 6 which is available upon request. 

A pamphlet entitled *Polymet Radio Essentials” covers the condensers and 
resistors manufactured by the Polymet Mfg. Corp., 829 East 134th Street, New 
York City. 


A new radio catalog has recently been published by the Jefferson Electric Co., 
who will be glad to mail you a copy upon request. Their addressis 1500 South Laflin 
Street, Chicago, Ш. 

The Lynch Mfg. Co., formerly Arthur Н. Lynch, Inc., 1775 Broadway, New 
York City, offers a folder describing its complete line of resistors. 

A leaflet describing multiple variable condensers and other products of the DeJur- 
Amsco Corp. may be had by addressing that organization at 418 Broome Street, New 
York City. 

The Colin B. Kennedy Corp., of South Bend, Ind., will supply copies of its service 
manual to all interested. 
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MONTHLY LIST OF REFERENCES TO CURRENT 
RADIO LITERATURE 


4 | J HIS is a monthly list of references prepared by the Bureau of Standards 
and is intended to cover the more important papers of interest to pro- 
fessional radio engineers which have recently appeared in periodicals, 

books, etc. The number at the left of each reference elassifies the reference by 

subject, in accordance with the scheme presented in *A Decimal Classification 
of Radio Subjects—An Extension of the Dewey System," Bureau of Standards 

Circular No. 138, a copy of which may be obtained for 10 cents from the Super- 

intendent of Documents, Government Printing Office, Washington, D. C. The 

various articles listed below are not obtainable from the Government. The 
periodicals can be secured from their publishers and сап be consulted at large 
public libraries. 


R000. RADIO COMMUNICATION 


R005 Weinberger, J. The National Broadcasting Company, a technical 
organization for broadcasting. Proc.I. R. E., 17, pp. 1969-85; 
November, 1929. 


(The origin and the present organization of the National Broadcasting Co. are re- 
viewed. A description is given of its studio facilities and apparatus and of its arrange- 
ments for program distribution. Certain of its program achievements are recorded.) 

R007 Dellinger, J. H. Radio broadcasting regulation and legislation. 
Proc. I. В. E., 17, pp. 2006-2010; November, 1929. 


(The principles that radio waves potentially interfere with one another and that their 
transmission is characterized by extreme vagaries are basically involved in radio reg- 
ulation. On these principles frequency, power, and time assignments to broadcasting 
stations are made with a view to the greatest public satisfaction.) 


R100. RADIO PRINCIPLES 


R113 Hahnemann, W. Die Bedeutung der ultrakurzen Wellen für die 
elektrische Nachrichtentechnik, insbesondere die der Wellenlängen 
von l-m abwärts. (The importance of ultra short waves for electric 
communication technique, especially those of about l-m wave- 
length.) Elektrische-Nachrichten Technik, 6, pp. 365-374; Septem- 
ber, 1929. 


(A general discussion of the properties of short waves from 100 to 1 meters (300 to 
30,000 ke) and description of experiments carried out with 50-cm waves employing 

parabolic reflectors made up of sheet copper.) 
R113 Fassbender, H. Versuche mit ultrakurzen Wellen im Flugzeugver- 
kehr. (Experiments with ultra short waves in aircraft work.) 
Elektrische-Nachrichten Technik, 6, pp. 358-65; September, 1929. 


(Description of communication tests from ground to plane and from plane to ground 
on 3.7 meters up to distances of 137 km. A short treatise is given on the possible applica- 
tion of ultra short waves to aircraft communication channels and beacons.) 

R113.4 Ponte, M. and Rocard, Y. Sur la couche ionisee de la haute atmos- 
phere. (On the ionized layer of the upper atmosphere.) L'Onde 
Electrique, 8, pp. 306-14; July, 1929. 
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R113.4 


R113.5 


R113.5 


R113.6 


R113.6 


1113.6 


R114 
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(Transmission experiments have shown that below 5000 ke the zone of silence does 
not appear. This value is used as the critical value above which there is “dielectric 
reflection” and below which there is ‘‘metallic reflection". It is related to the frequency 
of collision of electrons in the upper atmosphere. Using this theory and the formulas 
of the physics of the atmosphere the height of the Kennelly-Heaviside layer is calculated.) 


Kenrick, б. W. and Jen, C. К. Further observations of radio trans- 
mission and the heights of the Kennelly-Heaviside layer. Proc. 
I. R. E., 17, pp. 2034-2052; November, 1929. 


(Further observations on radio transmission phenomena associated with reflectiong 
of radio pulse and spark signals are described with a theoretical discussion of the form 
of the variation of index of refraction which seems best adapted to explain the observed 
phenomena. Results of long-wave field-strength observations are also presented.) 


Eve, A. S., Keys, D. A., Lee, Е. W. The penetration of rock by 
electromagnetic waves and audio frequencies. Proc. 1. В. E., 17, 
pp. 2072-74; November, 1929. 


(Experiments performed at Mammoth Cave, Kentucky are described. Radio sig- 
nals from distant stations as well as signals of radio and audio frequencies transmitted 
from directly above were received at various depths in the cave at paints remote from 
the entrance. Since no conductors led from the cave it was concluded that the waves 
were passing through the solid rock.) 


Sreenivasan, K. On the relation between long-wave reception and 
certain terrestrial and solar phenomena. Proc. I. R. E., 17, pp. 
1793-1814; October, 1929. 


(Signal intensity measurements of Madras (Fort) Radio working on 75 ke made at 
the Radio Laboratory of the Indian Institute of Science, Bangalore, between March, 
1926, and August, 1927, are reported. Certain correlations are found between the 
reception, temperature, atmospheric ozone, sunspots, and terrestrial magnetism.) 


Breit, G. The significance of observations of the phase cf radio 
echoes. Proc. 1. В. E., 17, pp. 1815-21; October, 1929. 


(An interferometer method of observing the phase of radio echoes has been developed 
by Tuve and Hafstad. It is shown that by measurement on reflections with low retarda- 
tion the ratio between the changes in the equivalent height found through the inter- 
ferometer method and in the effective height found by measurement of the echo retarda- 
tion is а measure of how much of the change is due to the layer moving as a whole and 
how much is due to в redistribution of electron densities through the layer.) 


Hafstad, L. R. and Tuve, M. A. An echo interference method for 
the study of radio wave paths. Proc. I. R. E., 17, pp. 1786-92; 
October, 1929. 


(The rate of change of the radio-frequency phase of separate downcoming echoes 
has been experimentally determined by an interferometer method. Oscillograms show 
the echoes to alternately add to and subtract from а constant pickup in the radio re- 
ceiver from the crystal-controlled oscillator of.the nearby pulse transmitter. Changes 
are regular but the time of a 360-deg. phase change on 4435 ke varies from 1 to 60 sec. 
and at times changes between these limits in as short time as 15 min.) 


Pederson, Р. О. Wireless echoes of long delay. Proc. I. R. E., 17, 
pp. 1750-85; October, 1929. 


(Shows mathematically that radio echoes occurring after 10 sec. cannot be due to 
propagation of waves within the earth's atmosphere, that echoes occurring after inter- 
vals up to 30 sec. are due to propagation along or reflection from Strémer bands as ex- 
plained in Nature (122, p. 681; 1928); that echoes after several minutes must be from 
outside the space in which the earth’s magnetic field exerts appreciable effect. Trans- 
missions at various wavelengths are also treated.) 


Joscheck, R. Registrierung von atmosphárischen Stérungen. (Re- 
cording of atmospheric disturbances.) Elektrische-Nachrichten 
Technik, 6, pp. 341-349; September, 1929. 


(Observations made at the University of Halle include the form, duration, intensity 
and уе impression of such disturbances 8s well as the relation between these char- 
acteristics. 
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Kusunose, Y. Calculation of characteristics and the design of 
triodes. Proc. I. R. E., 17, pp. 1706-1749; October, 1929. 


(The calculation of the characteristics and constants of a triode from its electrode 
structure is illustrated and the derivation of various working conditions from its static 
characteristics is explained. A dynamic characteristic diagram is presented applicable 
to any type of triode in evaluating the working voltages, currents, and power whether 
the tube be used as amplifier, oscillator or modulator. The designing procedure is out- 
lined for g typical case in which the use of the triode is indicated and its power output 
is given. 


Sowerby, A. L. M. The pentode as an anode rectifier. Wireless Wld. 
and Radio Rev., 25, pp. 391-94; October 2, 1929. 


(The results of an experimental investigation show that the pentode forms a satis- 
factory resistance-coupled rectifier for small, moderately high-frequency voltages. It is 


in general twice as sensitive as a triode and introduces about the same amount of damp- 
ing into the grid circuit. (Concluded from p. 286, September 18, 1929 Wireless Wid. and 
Radio Review.) 

Rocard, M. Y. Les propriétés d’écran des grilles les lampes ecran. 
(The shielding properties of the grids in the shield-grid tubes.) 
L'Onde Electrique, 8, pp. 347-52; August, 1929. 


(On classical electrostatic theory the effect of the capacity between two electrodes 
in а vacuum tube of the insertion of a third electrode between them is deduced. This is 
done for the triode and for the shield-grid tube. The close relation of the shielding pro- 
perty of the electrode to the amplification factor of the tube is shown.) 


Harris, 8. The grid suppressor circuit. Radio Engineering, pp. 43-45; 
October, 1929. 


(Discussion of regenerative amplifier from view-point of transmission and oscillation 
characteristic.) 
Smith-Rose, R. L. Transmitting on ultra short waves. Wireless Wld. 
and Radio Rev., 25, pp. 398-402; October 9, 1929. 

(A popular article abstracted from paper in Experimental Wireless and W. Engr., for 
October, 1929.) 
Smith-Rose, R. L. and McPetrie, J. S. Experimental transmitting 
and receiving apparatus for ultra short waves (to be concluded). 
Experimental Wireless and Wireless Engr., б, pp. 582—542; October, 
1929. 

(Early work on the production and application of short electromagnetic waves, 


damped and undamped is reviewed, and circuits suitable for short-wave generators are 
analyzed. These circuits are of the single and double tube type.) 


Smith-Rose, R. L. and McPetrie, J. S. Experimental transmitting 
and receiving apparatus for ultra short waves (conclusion). Experi- 
mental Wireless and Wireless Engr., 6, pp. 605-619; November, 1929. 


(The discussion of apparatus for the production and reception of short electromagnetic 
waves—including generators, receiving sets, antennas, frequency meters, and direction 
finders.) 

Podliasky, I. Sur l'appareillage permettant. l’etude du spectre 
musical. (Concerning apparatus for the study of the audible fre- 
quencies). L'Onde Electrique, 8; рр. 297-305; July, 1929. 


(The principles underlying two types of audible frequency generators are explained. 
"These types are the beat-frequency tube generator and the motor-driven alternator. Use 
of the latter in obtaining response curves of radio circuits is illustrated.) 


Harris, S. Notes on the detection of large signals. Proc. I. R. E., 
17, 1834-39; October, 1929. 


‚ (The effect of large signals appliéd to the grid of a detector is discussed. It isshown that 
signals even as small ав 50 mv appreciably affect the tube parameters: and influence the 
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frequency distortion. The nature of detector overloading is discussed and overload 
curves of the plate rectifier are presented.) 


. Fromy, E. Les effets secondaires de la reaction. (Secondary effects 


in regeneration.) L'Onde Electrique, 8, pp. 281-296; July, 1929. 


(Experimental anamolies in the functioning of a regenerative stage cannot be ex- 
plained by the simple theory. А. theoretic study of the secondary effects of regeneration 
is presented, and the qualitative conclusions drawn are shown to be in accord with actual 
experience.) 


Pack, S. W. C. The frequency departure of thermionic oscillators 
from the “LC” value. Experimental Wireless and Wireless Engr., 
6, pp. 554-64; October, 1929. 


(The results of an investigation of the departure of the frequency of a tube a-c 
generator from the LC” value under varying conditions of grid coupling, grid bias, fila- 
ment current, plate voltage, and added resistance in the oscillatory circuit are given. 


These are presented as curves. The practical results are discussed briefly from the 
theoretical point of view.) 


Griffiths, W. Н. F. Conductors compared. Wireless Wld. and Radio 
Rev., 25, pp. 515-18; November 6, 1929. 


(How electroplating affects high-frequency resistance.) 


Barclay, W. A. The numerical estimation of grid rectifieation for 
small signal amplitudes. Experimental Wireless and Wireless Engr., 
6, pp. 596-601; November, 1929. 


(Two charts for finding rapidly the numerical value of the grid rectification of a tube 
for small signal amplitudes are explained. Their use is illustrated.) 


Butterworth, S. Note on the apparent demodulation of a weak 
station by a stronger one. Experimental Wireless and Wireless Engr., 
6, pp. 619-21; November, 1929. 


(The demodulating effect of а strong carrier wave on a weak carrier wave when the 
two are of slightly differing frequencies and are being simultaneously reccived is analyzed 
for the case of & perfect rectifier.) 


R200. RADIO MEASUREMENTS AND STANDARDIZATION 


Lange, E. H. and Myers, J. A. Static and motional impedance of a 
magnetostriction resonator. Proc. J. В. E., 17, pp. 1687—1705; Oct- 
ober, 1929. 


(The equivalent series inductance and resistance of а long solenoid with nickel-steel 
bar is investigated in relation to the excitation frequency for frequencies up to 14000 
cycles per second. The results are discussed in relation to the theory of flux distribution 
їп the bar. The effect of motion of the bar under the action of magnetostriction is meas- 
ured in terms of the motional impedance and the circle diagram is obtained. The theory 
of total impedance, static and motional, is given and the nature of the angular displace- 
ment of the resonant circle is indicated.) 


Jimbo, S. Measurement of frequency. Proc. I. R. E., 17, pp. 2011- 
2033; November, 1929. 


(А stroboscopic method of absolute measurement of frequency is described. The per- 
formance of various kinds of tuning fork generators is discussed mathematically. 
new type with a magnetic device of such a nature as to make the effect on the frequency 
of the electromagnetic controlling force extremely small is described. Factors affecting 
the frequency of quartz radio-frequency generators are outlined. Several types of 
electrical and mechanical resonators are compared with regard to their usefulness as 
frequency standards.) 


Decaux, B. La mesure absolue des frequences radio-electriques. 
(The absolute measurement of radio frequencies.)  L'Onde Elec- 
irique, 8, pp. 325-46; August, 1929. 
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(The ordinary installation for the absolute measurement of frequencies includes a 
standard of time, a standard low-frequency generator, a standard high-frequency 
generator and а set of multiple and sub-multiple generators. The principles of these 
elements of the apparatus and precautions to be taken in using them are outlined. 
iir a used in important laboratories іп the United States and in Europe are briefly 

escribed. 


Salinger, H. Zur Theorie der Frequenzanalyse mittels Suchtons. 
(Theory of frequency analysis by means of a search frequency.) 
Elektrische-Nachrichten Technik, 6, pp. 298-302; August, 1929. 


(Mathematical theory and description of methods used for such tests are given. 
Limits of application of the methods are discussed.) 


Turner, H. M. Inductance as affected by the initial magnetic state 
air gap and superposed currents. Proc. I. R. E., 17, pp. 1822-33; 
October, 1929. 


(Families of curves are presented to show the variation of the inductance of a coil 
with change in the air gap of the core and in the superposed currents, alternating and 
direct. The effect of the initial magnetic state of the core is also shown. The curves 
experimentally obtained are discussed.) 


Grover, F. W. The calculation of the inductance of single-layer coils 
and spirals wound with wire of large cross section. Proc. I. В. E., 
17, pp. 2053-63; November, 1929. 


(Formulas obtained by an extension of the Rosa methed are given for the calculation 
of the inductance of single-layer coils and spirals wound with wire of large cross section. 
Tables are included from which the geometric mean distances of rectangles which enter 
into the formulas may be readily obtained.) 


Leitháuser, С. Ueber Hochohmwiderstinde und ein neues Verfahren 
zu ihrer Prüfung. (High ohmic resistances and a new departure in 
their testing.) Elektrische-Nachrichten Technik, 6, pp. 335-838; 
August, 1929. 


(New industrial methods for testing resistance values of 0.01 to 10 megohms). 


Owen, G. E. Dielectric losses at high frequencies. Physical Review, 
34, pp. 1035-39; October, 1929. 

(The power loss in pieces of dielectrics in high-frequency alternating fields is measured 
by а calorimetric method in which the heat produced in the dielectric is compared with 
that produced in a resistor carrying а measured direct current. For vulcanized fibre, 


celluloid; rubberdam and glass the loss is found to be proportional to the frequency and 
to the square of the applied voltage.) 


Kiebitz, F. Die Wellenausbreitung des Deutschlandsenders. (Wave 
propagation of German transmitters.) Elektrische-N achrichten 
Technik, 6, pp. 308-306; August, 1929. : 


(Field intensity measurements, made in the fall of 1928 at about 100 places at dis- 
tances of 50-100 km around the ‘‘Deutschland”’ radio transmitter at Zeesen, indicate 
greater absorption at close range than at greater distances. А map is given illustrating 
the effect, and two possible explanations are suggested.) 


Kaufmann, W. Registrierungen der Feldstarke von Rundfunkwellen 
in Kónigsberg i. Pr. (The recording of field strength of broadcast 
waves in Konigsberg in East Prussia.)  Elektrische-Nachrichten 
Technik, 6, pp. 349-54; September, 1929. 


(Field-intensity measurements made at Königsberg on two transmitters; one at Oslo 
800 km distant, the other at Landenberg 1100 km distant. Field-intensity graphs are 
presented showing short and long period variations which differ for the two transmitting 
stations.) 
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R300. RADIO APPARATUS AND EQUIPMENT 


Everett, W. L., and Byrne, J. F. Single wire transmission lines for 
short-wave antennas. Pnoc. I. R. E., 17, pp. 1840-67; October, 1929. 


(The phenomena of high-frequency transmission lines are discussed. It is shown that 
the single wire transmission line is an effective method of feeding a Hertz antenna. 
The frequency which makes the antenna а pure resistance termination is first determined 
and then the proper point of connection between the line and the antenna is found to 
make the terminating resistance equal to the characteristic impedance of the line. With 
such a termination, experiment and theory show that radiation from the line is small and 
that it will act efficiently.) 


Rocard, M. Y. Sur le calcul theorique des lampes a plusieurs elec- 
trodes. (Concerning the theoretic calculation of multi-electrode 
tubes.) L'Onde Electrique, 8, pp. 353-61; August, 1929. 


(The formula for the fictitious voltage to be used in Langmuir's formula for the total 
emission current from the filament of a multi-electrode tube is derived for the single-grid, 


two-grid and three-grid tube. A new formula, giving a better approximation than the 
old, is offered for the calculation of the amplification factor of a triode.) 


Cocking, W. T. An English output tube, the pentode. Radio Broad- 
cast, 15, pp. 360-62; October, 1929. 


(General information on this tube. A study of performance and possibilities.) 


Lamb, J. J. The UV-845—A low impedance linear power amplifier 
and modulator tube of the 50-watt type. QST, 13, pp. 24-26; 
November, 1929. 

(Characteristics of UV-845.) 


Engle, E. W. | Tantalum, tungsten and molybdenum in vacuum 
tubes. Radio Engineering, 9, pp. 51-53; October, 1929. 


(The characteristics and applications of these rare metals in vacuum-tube design.) 


D’Arcy, E. W. Public address and centralized radio systems. Radio 
Engineering, pp. 62—63; October, 1929. 


(Power amplifier and power supply units discussed.) 


Smith-Rose, R. L., and McPetrie, J. S. Below 10 meters. Wireless 
Wid. and Radio Rev., 25, pp. 470-73; October 23, 1929. 


(Some experimental receiving apparatus for ultra-short waves.) 


Blair, W. R. and Cohen, L. Wave resonance tuning and application 
to radio transmission. Proc. I. R. E., 17, pp. 1893-96; October, 1929. 


(Methods embodying the principle of wave resonance tuning for eliminating the har- 
monics of a transmitter and for attaining multiplex transmission on a single antenna are 
described.) 


Nelson, E. L. Radio broadcasting transmitters and related trans- 
mission phenomena. Proc. І. К. E., 17, pp. 1949-68; November, 
1929. 


(Recent developments in American practice concerning radio broadcast transmitters 
are briefly discussed. The attainment of a high degree of fidelity, the improvement in 
frequency maintenance through the adoption of piezo-electric frequency control, the 
tendency to employ higher per cent modulation, and the effort to reduce harmonic 
radiation are noted. Descriptive material and photographs pertaining to several new 
commercial transmitting equipments are included. Reference is also made to related 
transmission problems.) 


Janovsky, W.  Frequenzerniedrigung durch Eisenwandler. (Fre- 
quency reduction by means of iron-core coils.) Zeitschrift fiir Hoch- 
frequenztechnik, 34, pp. 81-87; September, 1929. 


(By means of coils having saturated iron cores the frequency of а generator was re- 
duced d 1 and accompanying phenomena were studied with the Braun tube oscillo- 
graph. 
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Verman, L. C. and Reich, H. J. A vacuum-tube regulator for large 
power units. Proc. I. R. E., 17, pp. 2075-81; November, 1929. 


(The application of a 4-с vaeuum-tube amplifier to the control of voltage of a large d-c 
generator 1s described. Curves are given showing improvement of regulation obtained 
with this device over that obtained with the vibrating contact type of regulator.) 


Cohen, L. Cireuit tuning by wave resonance and applications to 
radio reception. Proc. I. В. E., 17, pp. 1868-92; October, 1929. 


(Theoretical consideration of the wave resonance system of tuning with distributed 
values of inductance and capacity is given, together with circuit &rrangements embodying 
this method of tuning. It is shown that a high degree of selectivity is obtainable and that 
it offers an effective method for the elimination of interference. Multiplexing in both 
transmission and reception of radio signals can be readily realized.) 


Clarke, Н. M. Moving coil loud speakers. Experimental Wireless 
and Wireless Engr., 6, pp. 602-604; November, 1929. 


(Experimental curves show that the electrical input to а moving coil loudspeaker may 
be made more nearly constant at all frequencies by the use of a compensation winding. 
This may take the form of copper cylinders in the &ir gap апа extending over the neigh- 
boring iron of the magnet. Кезопапсез in the motional impedance are smoothed out 
by the use of suitable shunting filters.) 

Griffiths, W. Н. F. Notes on standard inductances for wavemeters 
and other radio frequency purposes. Experimental Wireless and 
Wireless Engr., 6, pp. 543-49; October, 1929. 


(A method is presented for constructing inductances on forms compensated to give 
constant inductance under wide temperature variation. In addition to the inconstancy 
due to age, lack of robustness, and temperature coefficient, that due to changes of self 
capacity and effective resistance with variation of humidity is considered.) 


R400. Ravrio COMMUNICATION Systems 


Clark, A. B. Wire line systems for national broadcasting. Proc. 
I. R. E., 17, pp. 1998-2005; November, 1929. 
(The wire networks provided in the United States by the Bell Telephone system for 
the national distribution of broadcasts are described.) 
R600. Каро STATIONS: EQUIPMENT, OPERATION 
AND MANAGEMENT 


Little, D. G. Speech input equipment. Proc. I. R. E., 17, pp. 
1986-97; November, 1929. 


(The apparatus used in converting sound energy into electrical energy of a kind and 
amount suitable for use in a broadcasting transmitter is briefly described. This includes 
the microphone, amplifiers, and line equalizera. In addition a description is given of 
supplementary equipment for monitoring, intercommunieating, and supplying power.) 


R800. Non-Ravio SUBJECTS 


Toulon, P.  Recentes applications des cellules photo-electriques 
associees aux amplificateurs. (Recent applications of photo-electric 
cells associated with amplifiers.) L'Onde Electrique, 8, pp. 315-322; 
July, 1929. 


(On account of the weak current furnished by a photo-electric cell enormous amplifi- 
cation must be used in conjunction with it. Suitable amplifying arrangements are dis- 
cussed and precautions to be taken in the construction of the amplifier are pointed out.) 


Toulon, P. Les applications des cellules photo-electriques. (The 
applications of photo-electric cells.) L'Onde Electrique, 8, pp. 362- 


372; August, 1929. 


The practical application of the photo-electric cell is illustrated by the description 
of oe ples of ЗЛИТЕ, The first records automatically the time at which the line 
is crossed on the race track. The second, called a ‘‘Phonaluxmeter,” compares with 


great precision the intensities of sources of light.) 
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Metcalf, G. F. Operating characteristics in photoelectric tubes. 
Proc. I. R. E., 17, pp. 2064-71; November, 1929. 

(The characteristics of photo-electric tubes with regard to their engineering applica- 
tions are discussed. Definitions of photometric terms are given with э few special terms 
essential to photo-electric tube work. Characteristic curves are given for typical tubes. 
An appendix of photometric formulas and conversion factors ів provided.) 

Osnos, M. "Eisenverluste von Frequenz-Transformatoren. (Iron 
losses in frequency transformers.) Zeits. für Hochfrequenztechnik, 34, 
pp. 87-89; September, 1929. 


(Resulta of tests made at no load and at full load.) 


e — a. p» Ф ET 


Proceedings of the Institute of Radio Engineers 
Volume 18, Number 1 January, 1930 


CONTRIBUTORS TO THIS ISSUE 


Austin, L. W.: Born October 30, 1867 at Orwell, Vermont. Received A.B. 
degree, Middlebury College, 1889; Ph. D. degree, University of Strassburg, 
1893. Instructor and assistant professor, University of Wisconsin, 1893-1901. 
Research work, University of Berlin, 1901-1902. With Bureau of Standards, 
Washington, D. C., since 1904. Head of О. S. Naval Research Laboratory, 1908— 
1923; chief of Radio Physies Laboratory, 1923 to date. President of the Institute 
n 1914; served on Board of Direction, 1915-1917; awarded Institute Medal of 
Honor, 1927. Frequent contributor to the Procrreprncs. Associate member, 
Institute of Radio Engineers, 1913; Member, 1913; Fellow, 1915. 

Braden, R. A.: Received B.S. degree, University of Minnesota, 1923; 
M.S. degree, 1925. Teaching Fellow, University of Minnesota, 1924-25. En- 
gineering Department, Zenith Radio Corporation, 1925-1926. Engineer, Radio 
Corporation of America, 1926 to date. Associate member, Institute of Radio 
Engineers, 1923. 

Eckersley, T. L.: Born December 27, 1886. Received B.S. degree in E.E., 
University College, London, 1908. National Physical Laboratory, 1909; Cam- 
bridge, 1910; research at Cavendish; appointed inspector in Egyptian Govern- 
ment Survey Department, 1912. Served during War with Б. E. Wireless In- 
teligence work. Joined Research Department, Marconi Company, July, 1919. 
Engaged in research on wireless propagation problems. Non-member of the 
Institute of Radio Engineers. 

Forbes, Henry C.: Received B.S. degree in E.E., University of Minnesota, 
1922; E.E. degree, 1923. Assistant physicist, Bureau of Standards, summer of 
1922. Assistant to chief engineer, Cutting and Washington Radio Corp., 1923- 
1924; Colonial Radio Corp., 1924; chief engineer, Zenith Radio Corp., 1924— 
1926; since 1926 section engineer, Westinghouse Elec. and Mfg. Co., East 
Pittsburgh, Pa. and Chicopee Falls, Mass. Associate member, Institute of Radio 
Engineers, 1920; Member, 1929. 

Harrison, J. R.: Born September 26, 1903 at Boston, Mass. Received B.S. 
degree, Tufts College, 1925; M.A. degree, Wesleyan University, 1925-1927. 
Electrician, Boston and Maine Railroad, 1921—1925; assistant in physics, 
Wesleyan University, 1925-1927; Charles A. Coffin Fellow at Wesleyan Uni- 
versity, 1927—1929; instructor in physies, University of Pittsburgh, 1929 to 
date. Member, Optical Society of America and American Physical Society; 
Associate member, Institute of Radio Engineers, 1926. 

Llewellyn, Frederick Britton: Born September 16, 1897 at New Orleans, 
La. Radio operator on ship and at shore stations of navy and merchant marine 
for three years. Received М.Е. degree, Stevens Institute of Technology, 1922; 
Ph.D. degree, Columbia University, 1928; assistant to Dr. F. K. Vreeland, 
1923-1925; member, technical staff, Western Electric Co., 1923-1925; Bell 
Telephone Laboratories, 1925 to date. Associate member, Institute of Radio 
Engineers, 1923. 

Maser, Harold T.: Born September 24, 1904 at Rochester, N. Y. Received 
B.S. degree, Union College, 1927. Student engineer, General Electric Co., 
1927-1928. Received M.S. degree, Union College, 1929. Research Laboratory, 
General Electric Co., 1928 to date. Associate member, Institute of Radio 
Engineers, 1929. 


204 


Contributors to This Issue 205 


Miessner, Benjamin F.: Born July 27, 1890. Educated U. S. N. Electrical 
School and Purdue University. Radio operator, U. S. Navy, 1908-1911; torpedo 
eontrol, 1911-1913; expert radio aide for aviation, U. S. Navy, 1916-1917; re- 
search and design, 1917-1920; acoustical expert, 1920-1922; development of 
electrical sets since 1922 as consulting engineer. Member, American Physical 
Society, American Society for the Advancement of Science; Fellow, Radio Club 
of America. Non-member of the Institute of Radio Engineers. 

Nelson, J. R.: Born October 27, 1899 at Murray, Utah. Power inspector, 
Western Electric Co., 1922-1923; received B.S. degree in E.E., University of 
Southern California, 1925; Engineering Record Office, Bureau of Power and 
Light, Los Angeles, Calif., 1925; radio test, Radio Development Laboratory and 
Tube Research Laboratory, 1925-1927; received M.S. degree in E.E., Union 
College, 1927; Engineering Department, E. T. Cunningham, Ince., July, 1927, 
to date. Associate member, Institute of Radio Engineers, 1927; Member, 1929. 

Peterson, Eugene: Born August, 1894, at New York City. Cornell Uni- 
versity, 1911-1914. Received E.E. degree, Brooklyn Polytechnic Institute, 
1917; M.A. degree, Columbia University, 1923; Ph.D. degree, Columbia Uni- 
versity, 1920; Electrical Testing Laboratories, 1915-1917; Signal Corps, U. S. 
Army, 1917-1919; member, Technical Staff, Western Electric Co., 1919-1925; 
Bell Telephone Laboratories, 1925 to date. Non-member of the Institute of 
Radio Engineers. 

Raguet, E. C.: Entered Navy as midshipman, 1905; graduated from U. S. 
Naval Academy, 1909; service at sea, 1909-1915; radio officer, Canal Zone and 
Republic of Panama, 1915-1917; served on destroyers and submarine chasers 
during the War; awarded Navy Cross for distinguished service; district com- 
munication officer, 14th Naval District, Pearl Harbor, Hawaii, 1918-1921; 
associated with Navy Department in various capacities at sea and in Washing- 
ton, 1921 to date. Commissioned Commander in the Navy, June 3, 1927. 
Non-member of the Institute of Radio Engineers. 

Suits, Chauncey Guy: Born March 12, 1905 at Oshkosh, Wis. Received 
B.A. degree, University of Wisconsin, 1927; Institute of International Educa- 
tion Fellow at Eidgenoessische Technische Hochschule, Zurich, Switzerland, 
1928; received Dr. Sc. Nat. degree, Zurich, 1929; assistant in physics, Univer- 
sity of Wisconsin, 1929; Research Laboratories, General Electric Co., Schenec- 
tady, N. Y. Non-member of the Institute of Radio Engineers. 

Steiner, H. Carlton: Born October 5, 1902 at Larned, Kansas. Received 
B.S. degree, University of Kansas, 1926; student engineer, General Electric Co., 
1926-1927; Research Laboratory, 1927 to date. Associate member, Institute of 
Radio Engineers, 1929. 

Terman, Frederick Emmons: Born January 7, 1900 at English, Indiana. 
Received A.B. degree, Stanford University, 1920; E.E. degree, Stanford Uni- 
versity, 1922; D.Sc. degree, Massachusetts Institute of Technology, 1924; at 
present assistant professor of electrical engineering, Stanford University, in 
charge of communication and analytical work. Asseciate member, Institute of 
Radio Engineers, 1925. 


c Q9 a —— 4 


"A Message from 
the Chief Engineer 


Wi. the advertising manager asked me to write 
this advertisement | could think of no better 
topic than our need for electrical engineers. We already 
have a corps of good engineers—some of the best in the 
country—but Thordarson is growing and the engineering 
personnel is taxed almost to the limit to handle our con- 
stantly increasing duties. In short we need more electrical 
engineers and to all of you | would counsel attention. 


If you are an electrical engineer between 25 and 35 
years old, a college graduate, and live in the Chicago 
district; if you are ambitious and are searching for a 
position in which you can demonstrate your ability and 
have it adequately recompensed; if you want labora- 
tory and production experience in the design, develop- 
ment and production of audio transformers, small power 
transformers and chokes, you should write me at once. 


| assure you | will hold your letter strictly confidential 
if you so desire and | will be glad to arrange an interview. 


СЕТА ла 


Chief Engineer 


THORDARSON 


Thordarson Electric Mfg. Co., 500 W. Huron St., Chicago, Ill. 


When writing to advertisers mention of the PRocEEDINGS will be »mtually helpful. 
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ELECTROSTATIC 
CONDENSERS 


for All Purposes 


INNY 


The Accepted Standard 
for Exacting Service as well as 
General Application on 
Land and Sea and 
in the Air 


WIRELESS SPECIALTY 
APPARATUS COMPANY 
Est. 1907 


Jamaica Plain 


When writing to advertisers mention of the Proceepines will be mutually helpful. 


XIV 


A Reduction 
in Long Distance 


Telephone Rates 


An Advertisement of the 
American Telephone and Telegraph Company 


On January 1, 1930, there is effective a reduction in 
various long distance telephone rates in the Bell Sys- 
tem which on the present volume of calls means a 
saving of more than $5,000,000 a year to the tele- 
phone-using public in the United States. This is the 
fourth reduction in long distance rates within a little 
more than three years. On October 1, 1926, they 
were reduced by $3,000,000. On December 1, 1927, 
a reduction of $1,500,000 went into effect. On February 
1, 1929, there was a reduction of $5,000,000. 


THESE REDUCTIONS are in accordance with the aim 
of the Bell System to continue to furnish the best 
possible telephone service at the least cost to the pub- 
lic. Earnings must, of course, be sufficient to permit 
the best possible telephone service at all times and to 
provide a reasonable payment to stockholders with 
an adequate margin to insure financial safety. Earn- 
ings in excess of these requirements will either be 
spent for the enlargement and improvement of the 
service, or the rates for the service wil! be reduced. 
This is fundamental in the policy 
of the management. 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Flawless TONE 


results from these technical features 


Super Phonovox 
List Price 51 5 -00 


Slightly higher west of the Rockies 


Te Super Phonovox has extreme sensi- 
tivity thru the use of English 36 per cent Cobalt Magnets. 
It is free from troublesome rubber bearings and the 
balanced tone arm insures correct needle pressure. Now 
equipped with new combination switch and volume 
control and adapter for screen grid tubes at no extra 
cost. Two new low impedance models available. 


PACENT ELECTRIC CO, INC., 91 Seventh Ave., N. Y. 


Pioneers in Radio and Flectric Reproduction for over 20 years 


Manufacturing Licensee for Great Britain and Ireland: Igranic Electric Co., Ltd., Bedford, Eng. 
icensee for Canada: White Radio Limited, Hamilton, Ont. 


When writing to advertisers mention of the Proceepines will be mutually helpful. 
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Wer, too, can shout our name 
from the house-tops. { But—can such 
shouting be one-half so impressive as 
\ this truthful statement, quietly made: 
“Over 80% of the great radio set man- 
ufacturers of the country are users of 


POLYMET PRODUCTS.” 


Condensers Resistances Coils 
Connectors Transformers Plugs 


POLYNDET MA NUFACTURING CORP. 
829 E. 134th Street, New York City 


When writing to advertisers mention of the Proceepines will be mutually helpful. 
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А NEW BULLETIN and 
TWO NEW INSTRUMENTS 


SMITH CO, 


M 
THLENEM Pa 


| pee ig e has just issued new Bulletin No. K-300 which 
covers four different types of resistance measuring instru- 
ments with ratings down as low as .001 ohm and as high as 


2,000,000 ohms. 


The instruments described in this Bulletin are the Type GOM 
Ohmmeter, the Type SOM Ohmmeter, the Type COM Ohmmeter 
and the Type HTD Circuit Tester. 


The Type HTD Circuit Tester has been on the market for about 
two years and enormous quantities have been sold. Up to the 
present time this instrument has been available only in a range of 
0-10,000 ohms. It is now available in two additional ranges, 
namely, 0-100,000 ohms and 0-200,000 ohms. 


Send for your copy of new Bulletin No. K-300 describing these 


instruments. 


“Over thirty-five years’ experience is back of Roller-Smith." 


Rp COMP. 


lectrical Measuring and Protective Apparatus] 


Main Office: Works: 
2134 Woolworth Bldg. Bethlehem, 
NEW YORK Pennsylvania 


Offices in principal cities in U. 5. А. and Canada 
Representatives in Australia, Cuba, Japan and Philippine Islands 


When writing to advertisers mention of the Proceepincs wilt be mutually helpful, 
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with EVEREADY 
RAYTHEON 4-PILLAR 


TUBES, YOU CAN GET THE MOST 
FROM YOUR PRESENT RADIO RECEIVER 


EOPLE in all parts of the 

country are telling of the 
greater power, increased dis- 
tance, improved tone, and quick 
action of these remarkable new 
tubes. The reason is that 
Eveready Raytheons are built 
stronger—immunetothe bumps 
and jolts of shipment and hand- 
ling. They come to you in as 
perfect condition as when they 
leave our laboratory test-room. 


The Eveready Raytheon 4-Pil- 
lar construction is exclusive and 
patented. Examine the illus- 
tration at the bottom 
of this page. See how 
the elements of this 
tube are anchored at 
eight points. 


“EVEREADY 
RAYTHEON 


This is of particular importance 
in tubes of the 280 rectifier and 
224 screen-grid type which have 
heavier elements, and in tubes 
used for push-pull audio ampli- 
fication, where uniform char- 
acteristics are most essential. 
Eveready Raytheon 4-Pillar 
tubes come in all types. At your 
dealer’s. He also has the fam- 
ous BH tube for “B” units. 


NATIONAL CARBON СО., INC. 
General Offices: 
New York, N. Y. 


Branches: Chicago, Kansas City, 
New York, San Francisco. 


| | 
COS 

Unit of Union Сагы^”е 
and Carbon Corporation 


TRADE MARKS 


Showing the exclusive, patented Eveready 
Raytheon 4-Pillar construction. Note the 
sturdy four-cornered glass stem, the four 
heavy wire supports, and the bracing by a 
stiff mica sheet at the top. 


EVEREADY 
RANT HEOM 
IR 224 


EVEREADY RAYTHEON 
SCREEN-GRID TUBE, ER 224. 
The weight of the four large elements in this 
type of tube makes the exclusive Eveready 
Raytheon 4-Pillar construction vitally im- 

portant. 


When writing to advertisers mention of the Proceedings will be mutually helpful. 
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The S.M labora- 
tories are glad to an- 
nounce the 722DC— 
a new high-perform- 
ance battery-oper- 
ated receiver which 
is a fitting compan- 
ion to the all-electric 
722. While it in- 
corporates all the 
new circuit refine- 
ments of the 722 
(a.c), it has been 
developed to fit the 
special requirements 
of the ideal battery receiver. 

It has four tuned circuits in- 
cluding a “siamese” band-selec- 
tor circuit used as an antenna 
coupler. This double tuned 
circuit is followed by two of the 
S.M. 123 high-gain interstage 
tuned transformers used in the 
722 (a.c.). The unusually uni- 
form minimum to maximum 
gain ratio of 1 to 1.5 has been 
maintained. 

The volume is controlled by changing 
the potential on the screen-grids, which 
gives a very smooth uniform control from 
zero to maximum stage. The S-M 270 
transformer is used to couple the first 
audio tube to the two power tubes, which 
are connected in push pull. The use of 
resistance coupling in the first stage, to- 
gether with the low-ratio push-pull trans- 
former and the low-impedance °12A tube 
in the first stage, gives such a flat fre- 
quency characteristic that the quality of 
the reproduction is virtually limited only 
by the speaker itself. 


Tubes required: 3—’22, 3-124. 
Wired, less tubes, $57.50. Parts total 
$38.50. 


-- And Now “722” 


Results for 


Battery Users! 


The S-M 722 
(a.c.) contains two 
stages of screen-grid 
r.f. amplification, a 
screen-grid power de- 
tector, resistance cou- 
pled to a °27 first 
audio stage, and two 
'45 tubes in push- 
pull in the power 
stage. It employs 
four tuned circuits, 
two in a band-filter 
between antenna and 
first r.f. stage, and 
two in cascade. It is tuned by 
an illuminated drum dial con- 
trolling a die-cast, “bath-tub” 
four-gang condenser with indi- 
vidual compensators. All r.f. 
circuits are individually by- 
passed; coils are individually 
shielded, as are r.f. and detec- 
tor tubes and three sections of 
the gang-condenser. 

The 722 (a.c) uses 3—24 
tubes, 1—27, 3—45 and 1— 
'80. Wired less tubes, $74.75 net, parts 
total $52.90. 


New Filament Transformer 


The S.M 249 Filament Transformer, a 
companion to the 247, meets exactly the 
requirements of modern receivers using 
heater and '45 type tubes. The center- 
tapped secondary (2.5 volt, 3 amp.) is 
for use especially with '45 tubes, and an- 
other 2.5 volt winding will supply 9 amp. 
for 5 heater type (727, '24) tubes. Rat- 
ings are conservative: 50 per cent over- 
load  permissable for short intervals. 
Price, $3 net. 


Detailed instructions for building the 722DC Band-Selector Six are to be found 


in DATA SHEET No. 18. 
RADIOBUILDERS regularly write us. 


SILVER-MARSHALL, Inc. 


f you are not getting DATA SHEETS and 


6411 WEST 65TH STREET 
CHICAGO, U. S. A. 


ааа а нана 


When writing to advertisers mention of the Procrevines will be mutually helpful. 


ELECTRAD Model “B” Super-TONATROL 
Longer-Lived, Smoother Operating 
DUAL-UNIT VOLUME CONTROL 


Licensed by 
‘Technidyne 
Corp. 


TONATROL effectively combines the 

advantages of tapered volume control 
in the antenna circuit and uniform control 
of screen grid or plate voltage—both on one 
shaft. 


Tr New Dual-Unit Model “B” Super- 


The Model “В” has all the superior operat- 
ing characteristics of the Model “A” Super- 
TONATROL plus greater compactness. It 
has a 3-watt resistance element permanently 
fused to vitreous enameled metal plate and 
pure silver floating contact with stepless 
variation. 


The Dual-Unit models afford complete cir- 
cuit isolation through a unique method of 
insulating the rotor shaft. Mechanism en- 
closed in a handsome Bakelite case, and is 
practically immune to changes in tempera- 
ture or humidity. One-hole panel or base- 
board mounting. 


Can be made with all usual re- 
sistance ratings and curves in single 
as well as tandem units. 


| 
| 


U.S. Patents 
1934103— 
1034104 and 
Pats. Pend. 


——Á 100% 
PERCENTAGE OF CLOCKWISE ROTATION 


The diagram illustrates the 
typical curves of dual 
units. A tapered resist- 
ance is used in the an 
tenna circuit—a uniform 
resistance in the grid con- 
trol circuit. The resistance 
variation in the antenna 
circuit is extremely smal! 
during the first half of the 
knob rotation which as- 
sures smoother control of 
powerful signals. 


175 Varick St., New York, N.Y. 


ELECTRAD 


ОО EN Ge II^ 


NN 
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For Exclusive Amateur Purposes 


GED MULTI - STAGE 
TRANSMITTER 


First time offered at a price within 
the reach of everyone 


No longer need to envy the fellows who operate expensive high 
power crystal control transmitters . You can secure one of the 
new REL multi-stage transmitter kits and attain absolute 
frequency stability plus a pure crystal note for telegraph pur- 
poses. If you desire telephony you are offered the most 
modern 100% system of modulation. Tone, frequency preci- 
sion, quality and consistency are yours for a very small in- 
vestment. Install an REL Catalog No. 215 basic unit in your 
station. Use your present power supply and various other 
antenna equipment. Modernize your station. Join the ranks 
of the quality transmitters. 


Catalog No. 215 basic CW telegraph unit housed in metal case measuring 9” high 
x 19” wide x 10” deep. Designed to employ UY-227 master oscillator tube, UY-224 
screen grid buffer tube and UX-245 power amplifier tube. Сап be used as an 
independent CW telegraph transmitter capable of supplying 10 to 15 watts to the 
antenna, May be used for telephone purposes by attaching external REL modula- 
tor unit Cat, #225, Will thereby employ 100% system of modulation. 


KIT PRICE $56.00 


Descriptive Literature Forwarded Upon Request 


OUR SHORT WAVE EXPERIMENTAL STATION BROADCASTS 
EVERY WEDNESDAY AND FRIDAY EVENING BETWEEN 
8 AND 10 Р.М. E.S.T. ON A FREQUENCY OF 8650 KC. 


opo 


MANUFACTURES A COMPLETE LINE OF 
RED APPARATUS FOR SHORT WAVE TRANS- 
MISSION AND RECEPTION 


ә Ip = : or 


Radio Engineering Laboratories, Inc. 
100 Wilbur Ave. Long Island City, N.Y., U.S.A. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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NEW! 


By Pass 
Condenser 


This is a specially 

designed by-pass 

condenser made in 

capacities ranging 

from .05 to .5. It 

can be had with 
insulated mountings or with terminal mountings. 
The unit is made in a specially treated, rigid, paper 
case, and is extremely inexpensive, ranging well 
below the market quotations for condensers of these 
capacities. 


ornell 


FILTER CONDENSERS, BY-PASS CONDENSERS, RADIO 
INTERFERENCE FILTERS, POWER FACTOR 
CORRECTION BANKS 


In choosing your source of supply for condensers, con- 
sider these three requisites—the quality of the product, 
price, and ability of the manufacturer to give service. For 
many years Cornell has measured up to these requirements 
in serving many of radio’s largest set manufacturers. We 
can do the same for you. Let us quote оп your require- 
ments or special classifications. Your inquiry will receive 
immediate quotations and samples will be furnished upon 
request. 


Write for a Sample “Cub” Condenser and Catalog of 
Complete Line of Cornell Products. 


Cornell Electric Mfg. Co., Inc. 


LONG ISLAND CITY, NEW YORK 


When writing to advertisers meniion of the PRocEEDINGs will be mutually helpful. 
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TRADE MARK RES! 


2 iated 
Quality MA paxienst mig d on 
dio Corp dyBrosdest r T a дшге 
aunde patent of the шде! аве T.R E1 
жс Pee radio, amate un SI Newark. NJ. 
companies fo = m et St» pe 2АР 
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Sweeping 
А 11 


Through 


Industries 


New Thinking — New Awakening— New Alertness 
New Seizing of Advantages 


Aa qo deni 


Wave 


IRST of the FACT SHEETS OF INDUSTRY; Equipment; Stan- 
dards of Living; Costs; Materials; Methods ; Savings; Profits ; etc.— 
now in preparation ; will be ready soon. 


Employe 
Owner 
President 
Executive 


This invitation is to You. Read it 


now. Accept it today. 


LINE of these uew Fact-Sheets. Do not 
wait. Edition is limited. No obligation. 
Costs nothing whatever. 
* * 


S ON NOW for full CONTENTS OUT- 


Facts that will open your eyes. Many of 
them may startle you. Possibilities in some of 
them wil make you sit up. А wave of new 
thinking is sweeping through all American 
industry. You know it; you have felt AUS 
New weighing of opportunities; new awaken- 
ing,—to new and advantageous possibilities. 

These FACT-SHEETS will tell you some- 
thing of what is back of it all. 


ж ж 


Are уои an EMPLOYE? 


Do you work for any company that buys or 
uses equipment? Or makes equipment for 
other companies? Or makes or handles any 
product that is used by Consumers? 

Are you a straight thinker? Thinking for 
your company, as well as for yourself ? 

These Facts affect you directly or indirectly. 
You can’t escape them. They affect your 
company; your work; your own interests. You 
owe it to yourself to get them. And to realize 
all they mean to you. 


We do not care what your position is; or 
whether you write “officially” for your com- 


pany, or “personally” for yourself. The Full 
CONTENTS OUTLINE of these Industrial 
Fact-Sheets is yours for the asking. (Please 


state work you do; company; what it makes, or 
kind of service it deals in). These are Facts 
that if seized rightly may be of inestimable 
importance in your own work, advancement 
and prosperity. 


Are you a PRESIDENT? 


Or OWNER? Or an EXECUTIVE of such 
a concern? You owe it to yourself to have 
these facts—all of them. And to get this Full 
OUTLINE OF CONTENTS at once. 

Here are Facts that connect directly to mat- 
ters you are earnestly thinking about right 
now ;——operations,—cost-reductions, safety in 
competition, — design development, — better- 
ments,—volume,— profits, —prosperity. 

There is no question about it. This tidal 
wave of new thinking has force behind it. It 
is getting somewhere. 

s a business man you want to be on the 
wave, not under it. We are here offering you 
some of the FACTS that are causing it. 

Send for the OUTLINE OF CONTENTS. 
Do it today. There is no charge; no obligation. 


| A Letter or Card. Or Write on Margin: 
Fact-Sheets of Industry; L-2 
| N. V. Е. Co., Wilmington, Del. 


Please send me OUTLINE OF CON- 
TENTS, without charge or obligation. 
...My Name...My Address. . . Company 
‘` Product or Business...My Position 
or Kind of Work, or 


[Please State whether writing officially 
| for Company, or Personally for self.] 


Department. 


^ ep eee eee 


AS a movement in line with national measures for further improvement of business conditions 


and of the circuit of producing, earning, consuming, equipping, etc. ;—and 


as the initial step 


in this democratizing of inter-industry knowledge (which, under present conditions, is more needed 
by thinking workers, and cau yield more important results than ever before) ;—all expenses of 
issuing the first of the Fact-Sheets of Industry are being borne by The National Vulcanized Fibre 
Company and its various divisions and associated industries. 


NATIONAL VULCANIZED FIBRE COMPANY 
WILMINGTON, DELAWARE, U. S. A. 


е SS OS E ———=————=—— 
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Volume Controls 


O vary the intensity of the faithful 

reproduction built into radio receivers 
without introducing noise or distortion, can 
only be accomplished by a careful and com- 
plete consideration of both mechanical and 
electrical features of the volume control. 


Mechanically—The Centralab exclusive and 
patented rocking disc contact precludes any 
possibility of wear on the resistance ma- 
terial. This feature adds to the smoothness 
of operation since the contact shoe rides only 
on the disc. The shaft and bushing are com- 
pletely insulated from the current carrying 
parts—eliminating any hand capacity when 


Manufactured in three sizes volume control is placed in a critical circuit. 
Standard : : 

des Electrically — Centralab engineers have 

Midget evolved tapers of resistance that produce a 

Also Double Standard smooth and gradual variation of volume. 

and Double Junior These tapers have been thoroughly tried and 


tested for each specific application for cur- 
rent carrying capacity and power dissipation. 


Centralab volume controls have been speci- 
fied by leading manufacturers because of 
their quality and ability to perform a specific 
duty—Vary the intensity of faithful repro- 
duction—faithfully. 


Write for full particulars of 
specific application. 


Cent 


CENTRAL RADIO LABORATORIES 
36 Keefe Ave. Milwaukee, Wis. 


A CENTRALAB VOLUME CONTROL IMPROVES THE RADIO SET 


When writing to advertisers mention of the Proceepincs wili be mutually helpful, 
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Vitreosi 
THE IDEAL INSULATION 


NR 
manufacturers, making the 
better kind of AC heater- 


type radio tubes use Vitreo- 


sil insulation for its freedom 
from gas and uniform wall 
which produces even heat 
distribution. It easily meets 
the thermal conditions of 
sudden heating and cooling, 
is mechanically strong, and 
available at low cost in sin- 
gle or multibore styles, and 
twin bore in either oval or 


circular cross section. 


You can identify this 
Vitreosil product, il- 
lustrated herewith, by 
its smooth satin finish. 


Let us send samples 
and quote on your re- 
quirements. 


THE THERMAL SYNDICATE, Ltd. 


1716 Atlantic Avenue Brooklyn, New York 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful, 
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Defmite 
Responsibility 


Dudlo inspection is a definite protection 
to every user of Dudlo products. Final 
inspection and packing are оле operation 

. . for the inspectors themselves pack 
the cases as the coils are passed. No other 


This packing slip found hands touch them after your packing slip 
Ye Wace E: d E^ is signed, and the inspector is directly re- 
clock number of the sponsible for every coil passed. 
final inspector . . . it Only the most experienced and compe- 
places the definite re- tent employees are promoted to the inspec- 
SPENT jr. Ше ше tion department, and their positions de- 
curacy and perfection of et. xs 
the contents of each pend on their accuracy and dependability. 
case. Dudlo coils must meet your specifica- 
tions. 


DUDLO 


DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA 
Division Of General “Gah до Corporation 


When writing to advertisers mention of the Ркоскерімсѕ will be mutually helpful. 
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ООО 


Gino d began the manufacture of radio condensers 
when the radio industry was in its infancy. It was 
brave pioneering back in those days of condenser develop- 
ment and had it not been for fundamental engineering 
science and manufacturing skill we feel sure that radio 
would just be emerging from swaddling clothes. The con- 
denser is both the eye and the pulse of the set. There is 
no more graphic presentation to the engineering mind of 
Scovill’s contributions to condenser development than to 
compare our first commercial effort with our product of 
today. 


Scovill is proud of service in this direction and hopes to 
continue for many years its association with those leaders 
in the radio field who insist upon Scovill condensers. 


COVILL 


Established 1802 


MANUFACTURING COMPANY 


"WATERBURY :: CONNECTICUT: 


PHILADELPHIA 
ja Ren 4 NN. CINCINNATI 
os ANGELES BOSTON 
PROVIDENCE ЗСУ ILL - DETROIT 
EMBE 
ATLANTA DJi. CHICAGO 
CLEVELAND А$$осуат!ОМ 


San Francisco 
In Europe—Tue НАСОЕ, HOLLAND 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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FROST-RADIO 


offers manufacturers Volume 
Control Units of precision 
and utmost dependability 


Мт is it that every manu- 


facturer seeks in a volume 
control? Isn't it first of all pre- 
cision workmanship that insures abso- 
lute accuracy so that the unit will per- 
form the duty assigned to it with 
certainty? And then isn’t dependability 
next in importance? Summed up, these 
two essentials of a volume control are: 


No. 2880-2880. Bakelite shell 
composition element only. Resistance To work perfectly, and to stand up. 


range from 5,000 ohms to 1 megohm. 
All curves. Potentiometer or rheo- F rost 
Other. аис P i trom each Radi 
Shell 1 1/8 m^ ita a 10 
Volume 
Controls have both these require- 
ments. In addition, they are non-in- 
ductive, unaffected by temperature 
changes, noiseless, wear - proof, 
smooth in operation, and made to 


fit any desired curve. 


W No. 200-200. Metal shell type wire 
е are wound resistors with resistances from 5 
S ohms to 10.000 ohms. Split windings. Rheo- 
equipped Stat or potentiometer ty pes. Unitsinsulated. 
Diameter, 1 7/16 in. Depth of shell, 1 1/2in. 

to pro- 


duce Frost Radio Volume Controls in 
either wire wound or carbon element 
type, clockwise or counter -clockwise 
knob rotation, and with absolute accu- 
racy in all resistance gradations from 

> 5 ohms to 1 megohm. Our service is 
position clement oniy. Hesitanvesitor unique, speedy and satisfying. Ask us 
Potentiometerorrheostatiypes Units tO submit samples based on your par- 


insulated from each other. Diameter, B : g 
1 5/16 in. Depth of shell, 1 1/8 in. ticular Specifications. 


HERBERT H. FROST, Inc. 


Main Offices and Factory: Elkhart. Ind. 
160 North La Salle Street. CHICAGO 


The World’s Largest Manufacturer of High Grade. Variable Resistors 


When writing to advertisers mention of the ProceEpincs will be mutually helpful, 
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The Institute of Radio Engineers 


Incorporated 
33 West 39th Street, New York, N. Y. 
APPLICATION FOR ASSOCIATE MEMBERSHIP 


To the Board of Direction 


Gentlemen: 
I hereby make application for Associate membership in the Institute. 


I certify that the statements made in the record of my training and pro- 
fessional experience are correct, and agree if elected, that I will be governed by 
the constitution of the Institute as long as I continue a member, I furthermore 
agree to promote the objects of the Institute so far as shall be in my power, and 
if my membership shall be discontinued will return my membership badge. 

Yours respectfully, 


bei T di рн ас геше ра ылд LARA EA LLL. 


(Address for mail) 


References: 


(Signature of references not required here) 


MTS vu ro pare ER ERO PCR GA Ea ots MIS Wes fu der ЕРА die I gon campi ue ӨЗ 
Address 1.4 cenae Àm wenn Address ж.е. за ualere Y o 
Mi ee ere ie АЗ en PE Месел ora s gs Enel M eee 
Address muami йк» КУУ. tapie ЧЕ agua Address ереен насе paren ет э ШРЫ 
Мт. чылк and come ei NN e we Se а tend 
Address: «were dee же как rb ese ee he” 


The following extracts from the Constitution govern applications for admission to the 
Institute in the Associate grade: 


ARTICLE II—MEMBERSHIP 
Sec. 1: The membership of the Institute shall consist of: * * * (d) Associates, who shall be 
entitled to all the rights and privileges of the Institute except the right to hold the office of 
President, Vice-president and Editor. * * ii 
Sec. 5: An Associate shall be not less than twenty-one years of age and shall be: (a) A radio 
engineer by profession; (b) A teacher of radio subjects; (c) À person who is interested in 
and connected with the study or application of radio science or the radio arts. 


ARTICLE III—ADMISSION 
Sec. 2: * * * Applicants shall give references to members of the Institute as follows: * * * for 
the grade of Associate, to five Fellows, Members, or Associates; * * * Each application for 
admission * * * shall embody a concise statement, with dates, of the candidate's training 


and experience. - . Р 1 
The requirements of the foregoing paragraph may be waived in whole ar in part where the 


application is for Associate grade. An applicant who is so situated as not to be personally known 
to the required number of members may supply the names of non-members who are personally 
familiar with his radio interest. 


XXXI 


(Typewriting preferred їп filling in this form) Мо... 


RECORD OF TRAINING AND PROFESSIONAL 
EXPERIENCE 
E RUIT IUE RITU ИК LET MESS e. 
(Give full name, last name first) 
2 Present а ЕМА ыза зарык ane ica i «айтас A UE. QUEEN : 


евге е еше озу „эзле. Та а о ce an oc 
(college) (date received) 


8 Training and Professional experience to Час ии аңыз жыллык. Гм 


NOTE: 1. Give location and dates. 2. In applying for admission to the grade 
of Associate, give briefly record of radio experience and present employment. 


DATES HERE 


Pes DeCial byl апус cc $5 M M Те 
Receipt Acknowledged............. БЛ@СГЕЧ ws ЁЛ Deéférred кзз ыз ums 
Grade... erara Advised of Election........... This Record Filed........... 
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(NERO OX 


CONDENSERS AND RESISTORS 


How Do You Buy 


Condensers? 
ДА e filter condensers, condenser blocks and bypass 


units are bought merely on the basis of price, voltage 
ratings and their ability to withstand ordinary short-time 
tests, without sufficient consideration to the fact that these 
are not dependable indicators of the ability of a condenser 
to stand up under all conditions of service, during the 
entire life of the receiver or power unit. 


Nothing is apt to prove as 
costly as a cheaply made, 
over-rated condenser or re- 
sistor. Whether you are a 
manufacturer, professional 
set builder or experimenter, 
you cannot afford the high 
cost luxury of a cheap con- 
denser or resistor. 

Aerovox condensers and 
resistors are conservatively 
rated and thoroughly tested. 
The Aerovox Wireless Cor- 
poration makes no secret of 
the Insulation Specifications 


of their filter condensers and 
filter condenser blocks. This 
information is contained in 
detail in the 1928-29 catalog. 


The next time you are in 
the market for filter con- 
densers or filter condenser 
blocks, make your compati- 
son on the basis of Insula- 
tion Specifications. Aerovox 
condensers are not the most 
expensive, nor the cheapest, 
but they are the best that can 
be had at any price. 


Send For Complete Catalog 
Complete specifications of all Aerovox units, including 
insulation specifications of condensers, carrying capacities of 
resistors and all physical dimensions and list prices are 
contained in a fully illustrated 32-page catalog which will 
be sent free of charge on request. 


80 Washington Street, Brooklyn, N. Y. 


'AEROVOX WIRELESS CORP 


PRODUCTS THAT ENDURE 


When writing to advertisers mention of the PRrocrrpincs will be mutually helpful. 
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е . : \ y Š "d е 
A Million and а half used Monthly during 1929 
in American Radio 
To keep pace with 1980 receiver dévelopments, Durham Metallized 


resistors and powerolims are now more accurate, have a greater 
power safety factor and can be obtained in even greater variety. 


The advantages of the Durham Metallized principle have been 
proven by the millions of Durham resistors and powerohms now 
used by America's foremost manufacturers of\radio receivers and 
allied products. \ ^ 


3 . | КАА. ; 
These units are now in standard production in all ratings, all 
types of tips for radio work. ` 


Engineering data and samples for testing sent 
upon request. Please айе ratings required, 


International Resistance Company 
2006 Chestnut Street, à hiá, Ра. 


7 


Faremu 


RESISTORS & 
POWEROHMS 


I | 
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TONE- RICHNESS 
1 re quire 


ies TUR 
amplification is by all odds, | 
and for many reasons, the ҮР | 
favorite. True in tone over i 
the full musical range, in- 
expensive, trouble-free, and 
enjoying the full confidence 
of a discerning public. 


Transformers make the set. | 


The design and construc- 
tion of transformers deter- 
mine the quality of recep- 
tion. 


With the co-operation of 
the T-C-A engineering 
staff, you can be sure of 
the highest attainable re- 
sults. 


Complete manufacture and 
controlled quantity produc- 
tion have made Т-С-А the { 
favorite on the nation’s fin- 
est sets. Audios . . Power- 
transformers . . Chokes 

. Power Packs . . Dy- 
namic Speakers. 


TRANSFORMER CORPORA- 
TION OF AMERICA 


2301-2319 SOUTH KEELER 
AVENUE 


CHICAGO, ILLINOIS 
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POWER UNI 


TS 


THAT STAY SOLD 


Tu 
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CONTINUOUS OPERATION TEST Z/ 


Lf 


Eacu component part of every Operadio 
Power Unit is individually tested, both electrically 
and, where applicable, for tone, before being released 
to the Assembly Department. After assembly, each 
unit is given three separate and distinct tests for 
continuity and tone reproduction. After this, it is 
hooked up and run under conditions exactly as they 
would be in actual operation for a period of fourteen 
hours. The illustration shows this test. 

After this, each Operadio Power Unit is 
again tested and compared against a Standard Unit. 
This constant checking and testing is your assurance 
that Operadio products stay sold! 


OPERADIO MFG. COMPANY 


St. Charles, Illinois 
When writing io advertisers mention of ihe РкосккрімСЅ will be mutually helpful. 
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Airplane Floyd Bennett, 


which carried the 


Вуга 


party safely to and from 


the South Pole. 


The First Radio Message from the South Pole 


— flashed over antennae 
equipped with PYREX Insutators 


Four PYREX Insulators 


like this are used 
antennae of the 
Bennett. 


on the 


Floyd 


RADIO INSULATORS 


“Radio made this expedition possible,” says 
Commander Byrd. 


Triumphant at last, after months of preparation, 
Commander Byrd has flown over the South 
Pole. From his airplane, the Floyd Bennett, he 
flashed the news by radio while flying directly 
over the Pole. 


On all his base ship, airplane, and portable sta- 
tions Commander Byrd uses PYREX radio in- 
sulators, exclusively. They have well earned 
his confidence. The Commander’s radio mes- 
sage that he was flying over the North Pole, 
his distance record for low-wave length signals, 
his reports from the transatlantic airplane, 
America—all were sent over PYREX insulator 
equipped antennae. 

Broadcasting stations, marine and stationary 
radio communication systems and critical ama- 
teurs all over the world find that PYREX in- 
sulation preserves maximum strength and 
clarity of radio impulses. 


PYREX Radio Insulators are but one of the 
many Corning Glass Works achievements that 
contribute to human safety, comfort and indus- 
trial progress. 


CORNING GLASS WORKS, Dept. 63 
CORNING, N.Y. 
Industrial and Laboratory Division 


T. M. REG. Ú. S, PAT- ОРЕ 


PYREX 


A MARK OF. CORNINS GLASS WORKS 


When writing to advertisers mention of the Proceepines 2011] be mutually helpful. 
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"ESCO"— — 


Operate Standard A. C. Radios in D. C. Districts 
on Yachts or Farm Plants with 


“ESCO” Dynamotors or Motor Generators 


“ESCO” manufacturers for regular stock 
four sizes of dynamotors known as RL2 
(75 watts) RL4 (160 watts) LF3 (350 
watts) and LF5 (550 watts)—These are 
wound for 32 volt, 110 volt, or 220 volt. 
Special voltages and sizes made to order. 
Prompt delivery and low prices. Dyna- 
motors require no starting controllers. 


АП “ESCO” Radio Armatures are dy- 
namically balanced—assuring minimum of 
vibration. 


All machines are equipped with “ESCO” 
filter specially designed for sensitive radio 
sets—The filtration is as near perfect as 
scientific research can develop. 


Dynamotor with Filter for Radio Receivers 


Where it is desired to vary the A.C. 
voltage, the use of a motor genera- 
tor is recommended. Suitable rheo- 
stats are furnished by “ESCO,” at 
a slight additional cost. While the 
motor generators areestocked only 
in the 300 watt size with 110, 220 or 
32 volt primary, special sizes and 
voltages may be made to order. 


Both dynamotors and motor gener- 
ators are furnished with special 
wool packed bearings assuring mini- 
mum attention and quiet operation. Motor-generator with Filter for Radio Receivers 


СТС SPEC 


COMPANY 


300 SOUTH ST., STAMFORD, CONN. 


Manufacturers of motors, generators, dynamotors and 
rotary converters. 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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Modern production demands 


modern 


ocking 


No matter what 

your product—there 

isa place for SHAKE- 

PROOF. A neater job, 

a faster job, money 

saved, time saved — 

28 and the teeth of twis- 

| 3 ted steel can't let go. 

А A hundred and one 

different industries 

are using SHAKE- 

PROOF. Mail the 

coupon below for 

samples—you should 

be using SHAKE- 
PROOF, «оо. 


Type.20 Terminal 


„Ф 


Type 11 External Type 12 Internal 


U.S. Patents 1,419,564; 
1.604,1225 1.697.954. 

Other Patenrs Pending 

Foreign Patents. 


FREE SHOP TEST SAMPLES 
$нАКЕЕРКООГ Lock WasHer Company 


2501 North Keeler Avenue, Chicago, Illinois. 
Please send me samples of: 


D Suakeproor Lock Washers. co fit bolt size. 


Lock Washer Company 1 O ЅнАКкЕРКООЕ Locking Terminals size 


мачат m of lunos Tool Works } Ета Мага 
2501 North Keeler Avenue Chicago, Ilinois = 
Address 


Town State. 
By 
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OIL 
IMPREGNATED 
FILTER 
CONDENSERS 


FOR THOSE WHO WANT AND APPRE- 
CIATE THE HIGHEST QUALITY. ` 
SEND SPECIFICATIONS FOR QUOTA- 
TIONS AND SAMPLES. 


CONDENSER CORPORATION OF AMERICA 


259-271 CORNELISON AVE. JERSEY CITY, N. J. 
The Ekko Co. W. C. Laing 
Daily News Bldg. Southern Ohio Bank Bldg. 


Chicago, Ill. Cincmnati, Ohio 


When writing to advertisers mention of the PRockEDINGs will be mutually helpful. 
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The extent to which economies or 
higher efficiencies may be applied 
in the manufacture of any product in- 
volving the use of coils is best deter- 
mined by actual demonstration of a 
sample coil, built by Rome. 

There is a wide variety of Rome 
Precision Coils foranypurpose;accu- 
rately made to exacting specifica- 
tions. 

Through a higher factor of space 
utilization, as well asincreased accu- 
racy of turns, the Rome Winding 
Process adds far-reaching advan- 
tages to Rome Precision Heavy Wire 
Coils. 

Your product may be benefited 


ti 
= 


\ 
| 
| 
| 
( 


Find Out What This Improved Winding 


Process Means to Your Product 


most by increased coil dependabil- 
ity. Or smaller over-all coil dimen- 
sions. Or greater accuracy of meas- 
urements. Or positive uniformity— 
higher thermal efficiency — lower 
watts-loss. 

In some degree,all of these refine- 
ments will undoubtedly improve 
your product. The sum of them all 
produces results so important that 
you will unquestionably find them 
worth investigation, whatever your 
present source of coils may be. 


ROME WIRE COMPANY 
Division of General Cable Corp. 
ROME, NEW YORK 


ROME PRECISION COILS 


XLI 
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INSTITUTE SUPPLIES 
EMBLEMS 


Three styles of Institute emblems, appropriately colored to 
indicate the various grades of membership in the Institute, 
are available. The approximate size of each emblem is that 
of the illustrations. 


The lapel button is of 14k gold, the background being 
enamelled in the membership color, the lettering being 
gold. The button is supplied with a screw back with 
Jaws which fasten it securely to the coat. This style 
emple can be obtained for $2.75, postpaid, for any 
grade. 


The pin is also of 14k gold. It is provided with a 
safety catch and is appropriately colored for the various 
frades of membership. Price, for any grade, $3.00 post- 
paid. 


The watch charm is handsomely finished on both sides 
and is of 14k gold. The charm is equipped with a sus- 
pension ring for attaching to a watch fob or chain. Price 
for any grade $5.00 postpaid. 


BINDERS 


The binder pictured here contains over three inches 
of filing space. It serves either as a temporary trans- 
fer binder or as a permanent cover. It is made of 
handsome Spanish Grain Fabrikoid in blue and gold. 
The binder is so constructed that each individual copy 


of the ProceepinGs will lie flat when the pages are turned. Copies can be 
removed from the binder in a few seconds and can be permanently preserved 
in undamaged condition. Hundreds of these binders are sold each year. 
Price, $1.50 each, or $2.00 with the member's name or the Proceepincs Volume 
Number stamped in gold. 


BACK ISSUES OF THE PROCEEDINGS 


Back issues of the PnockEpiNGs are available in unbound form for the years 
1918, 1920, 1921, 1922, 1923, and 1926 at $6.75 per year (six issues). Single 
copies for any of the years listed to 1927 are $1.13 each. From 1927 on (where 
available) the single copy price is $0.75. Foreign postage on the volume is 
$0.60 additional. On single copies $0.10. 

A number of individual copies for years other than those listed above are 
available. For a list of these, members should apply to the Secretary. 

Bound volumes in Blue Buckram binding are available for the years 1920, 
1921, 1922, 1923, and 1926 at $8.75 per year. The bound volume for 1928 is 
priced at $9.50. Foreign postage is $1.00 per volume. 

Bound volumes, for the above years, in Morocco Leather binding are available 
at $11.00 each. 

These prices are to members of the Institute. 


FOURTEEN YEAR INDEX 


The Procegpincs Index for the years 1909-1926, inclusive, is available (о 
members at $1.00 per copy. This index is extensively cross indexed. 


YEAR BOOK 


The 1927 and 1928 year books are available to members at $0.75 per copy, 
per year. The 1929 year book, including the report of the 1928 Committee on 
Standardization, is available to members at $1.00 per copy. 

When ordering any of the above, send remittance, with order to The 
Secretary, The Institute of Radio Engineers, 33 West 39th Street, New York, 
N.Y. 
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Radio Servicing 
at a Profit 


HE ability to instantly locate radio set 

troubles is essential in maintaining the 
confidence of customers in you as well as 
the line you sell. The quick elimination 
of set troubles reduces service costs and 
makes satisfied customers. 


The Jewell Pattern 199 Set Analyzer plus 
the Jewell method of set analysis quickly 
locates set troubles. It provides every es- 
sential radio service test (including screen 
grid receivers) . 


Jewell Pattern 199's are the lowest price com- 
plete set analyzers on the market, yet work- 
manship and materials of the entire unit are 
of the best. Furthetmore, these instruments 
are backed by the Jewell Data Service, which 
includes up-to-the-minute data on the most 
popular receivers. 

Every service man should have a Jewell Pat- 
tern 199 Set Analyzer. Sold by leading radio 
jobbers. 


Jewell Electrical Instrument Co. 


1642-D Walnut St., Chicago, Illinois 


2\2 


With the Jewell Meth- 
od of sec analysis 
readings from each 
stage are recorded on 
the analysis chart 
(shown at top of 
age). | Set data is 
urnished in Jewell In- 
struction ап Data 
Book (ее specimen 
above) in exactly the 
same form for conveni- 
ent comparison. By 
quickly and accurately 
locating set troubles 
the Jewell Pattern 199 
is a big builder of 
service profits. 


Write Today for Free Jewell 
Data Book 


"IM 30 YEARS MAKING GOOD INSTRUM 


JÈ 


I^ 


— 


ишш "llis 


ишш 


ПШ шиш 
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New Jefferson.Power Pack for use with the new 245 and А.С. 222 power tubes. 


Transformers and Chokes 
for New Power Tubes 


Specially Engineered by Jefferson 


E. Jefferson Engineers 
have anticipated the need 
of the Radio Industry. The 
transformer and choke problems 
which will be met in building 
sets around the newly developed 
power tubes have already been 
solved by Jefferson Engineers. 


A new power transformer has 
been designed, perfected, and 
thoroughly tested for use with 
the new tubes No. 245 and No. 
A.C. 222 shield grid tube. 


A wide choice of choke units 
are ready—heavy single duty 
chokes, double chokes of the 
conventional design—or stag- 
gered choke units consisting of 
one heavy and one light choke. 
The last is an especially eco- 
nomical method which mini- 
mizes hum and allows maximum 


voltage on the tubes without 
overloading the rectifier. 


Special audio transformers have 
been developed with improved 
design to make use of all the 
possibilities of these new tubes. 


Jefferson reputation, backed and 
maintained by Jefferson engi- 
neering, is your guarantee of 
quality, service, and satisfaction 
on these new units. And the 
foresight of Jefferson Engineers 
together with the Jefferson pro- 
duction capacity are your insur- 
ance of prompt deliveries now 
and throughout the season. 


Take advantage of this engi- 
neering work already done for 
you by writing us your prob- 
lems. Complete electrical speci- 
fications and quotations will be 
supplied on request. 


JEFFERSON ELECTRIC COMPANY 
1591 West 15th Street, CHICAGO, ILLINOIS 


When writing to advertisers mention of the PRocEEpines will be mutually helpful. 
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REMENDOUS advances have been made in Radio since 
Т CARDWELL condensers made their debut ten years ago. 
Achievements of a magnitude undreamed of in 1920 are common- 
place today. 


That we have been permitted for this decade of marvels to share 
in these achievements to the modest extent of furnishing many 
thousands of the variable condensers used, gives us much satis- 
faction. 

We wish, therefore, to express our appreciation to the hundreds 
of Broadcasters, the Manufacturers, the Commercial Communica- 
tion Companies, the many thousands of Engineers, Amateurs and 
Others whose confidence in the superior qualities of CARDWELL 
condensers has been a constant source of pride and stimulation to 
us. 


THE ALLEN D. CARDWELL MFG. CORPN. 
81 Prospect Street Brooklyn, N.Y. 


CARDWELL 
CONDENSERS 


TRANSMITTING—RECEIVING 


A 
Since the Beginning of Broadcasting 
‘THE STANDARD OF COMPARISON" 


When writing to advertisers mention of the Procrepines wil! be mutually helpful. 
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specialists, bridge engineers, electrical engineers 
. all have their problems which must be fitted to each 
particular job. 


Sound reproduction has its problems, too . . . known condi- 
tions, plus fully understood special requirements, plus positive 
engineering data and knowledge of materials. АП these must 
be taken into consideration and each difficulty mastered. There 
is no guess work with Powerizer Sound Systems. 


In every locality there are representatives ready to cooperate 
with engineers working on amplifying problems for theaters, 
Schools, churches, stadiums and all other types of sound systems 
to the end that the electrical voice may be heard at its best. 


The vast experience of our consultants is generously offered to 


the Engineer. Literature is available at your request; send for 
bulletin IR 1029, 


RADIO RECEPTOR COMPANY, INC. 


106A Seventh Avenue, New York City 


Licensed by Radio Corporation of America and 
Associated Companies 


OWERIZER 


SOUND SYSTEMS 


IR-1-30 
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CHANGE IN MAILING ADDRESS 
OR BUSINESS TITLE 


Members of the Institute are asked to use this form for notify- 
ing the Institute office of a change in their mailing address or 
any change in the listing of their company affiliation or title 
for the Year Book membership list. 


The Secretary, 
THE INSTITUTE OF RADIO ENGINEERS, 
33 West 39th Street, 

New York, N.Y. 


Dear Sir: 
Effective met, n нна зт ау» 


for mail as follows: 


PA. NUS. э Ew. RR Pis с. Фф Rr ERE TR WI р eque xm qp aat Fotos 


sunra РТР, DT T REIS OG Мыл елы» Ж dco. ER S E D iod A Mai 


Also for the membership list for next year's Year Book note change 
in my business address (or title) as follows, this is a my mailing 
address: 


ааыа еа Ж» клу Sees Be Tew E a oe © dad 


PLEASE FILL IN, DETACH, AND POST TO THE 
INSTITUTE PROMPTLY 
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Back Numbers of the 
Proceedings Available 


EMBERS of the Institute will find that back issues of the Pro- 

ceedings are becoming increasingly valuable, and scarce. 
For the benefit of those desiring to complete their file of back 
numbers there is printed below a list of all complete volumes 
(bound and unbound) and miscellaneous copies on hand for 
sale by the Institute. 


The contents of each issue can be found in the 1914-1926 Index 
and in the 1929 Year Book (for the years 1927-28). 


BOUND VOLUMES: 


Vols. 8, 9, 10, 11 and 14 (1920-1921-1922-1926), $8.75 per 
volume to members. 


Vols. 16 and 17 (1928-1929), $9.50 to members. 
UNBOUND VOLUMES: 
Vols. 6, 8, 9, 10, 11 and 14 (1918-1920-1921-1922-1923-1926), 
$6.75 per volume (year) to members. 
Vol. 17 (1929), $7.50 to members. 
MISCELLANEOUS COPIES: 
Vol. 1 (1913) July and December 
Vol. 2 (1914) June 
Vol. 3 (1915) December 
Vol. 4 (1916) June and August 


Vol. 5 (1917) April, June, August, October and Decem- 
ber 


Vol. 7 (1919) February, April and December 
Vol. 12 (1924) August, October and December 


Vol. 13 (1925) April, June, August, October and Decem- 
ber 


Vol. 15 (1927) April, May, June, July, October, November 
and December 
These single copies are priced at $1.13 each to members to the 
January 1927 issue. Subsequent to that number the price is $0.75 
each. Prior to January 1927 the Proceedings was published bi- 
monthly, beginning with the February issue and ending with 
December. Since January 1927 it has been published monthly. 


Make remittances payable to the Institute of Radio Engineers and 
send orders to: 


THE INSTITUTE OF RADIO ENGINEERS 
33 West 39th Street 
NEW YORK, N. Y. 


XLVIII 
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4, 4RCTU RUS 


There’s an 
ARCTURUS 
RadioTube for 
Every Popular 

Set 


A-€ Tubes 


127 Detector Amplifier 
124 A-C Screen Grid 
126 Amplifier 

145 Power Amplifier 
150 Power Amplifier 
071 Power Amplifier 
180 Full Wave Rectifier 
18] Half Wave Rectifier 


D-C Tubes 
012-A Power Amplifier 


and Detector Amplifier 
101-A Detector Amplifier 


099 Detector Amplifier 
122 D-C Screen Grid 
071-A Power Amplifier 


RADI 


Built to the Same High Stand- 
ards That Made Possible 
Arcturus A-C Superiority 


YOU know what the name Arcturus means on 
a radio tube! Quick action, quiet performance, 
long life. This kind of service has made Arcturus 
Tubes famous throughout the radio industry 
..a symbol of dependable tube performance 
wherever A-C sets are manufactured. 

Now Arcturus announces JDirect- Current 
Tubes, measuring up to Arcturus quality 
standards in every respect. 

Radio engineers and set manufacturers who 
have standardized on Arcturus A-C Tubes for 
test and experimental purposes can use 
Arcturus D-C Tubes with the same confidence. 
For uniformly good operation of anya.c. or 
d. c. set use Arcturus Tubes. 


ARCTURUS 


RADIO TUBE COMPANY 
Newark, N. J. 


LONG LIFE 


OT ULBES Å 


A. 


eu RU 
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ORMICA cold punching stock punches won- 
derfully well and yet at the same time preserves 
a very satisfactory insulating quality. It may be 


had in a brown color which makes it attractive to 
the eye. 


If you do your own punching try this stock. If you 


buy punched parts send your blue prints and let us 
quote. 


THE FORMICA INSULATION COMPANY 
4646 Spring Grove Avenue 


CINCINNATI, OHIO 


ORMICA 


Made from Anhydrous Bakelite Resins 
SHEETS TUBES RODS 


When writing to advertisers mention of the Proceepincs will be mutually helpful. 
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Faulty vacuum tubes lead in the causes for costly servicing. And faulty volume controls are a 
close second. There is some excuse for vacuum tubes: they are not all uniform; the radio 
public too often insist on questionable “bargain” tubes. But there is no excuse for an integral 
part of the radio assembly, such as the volume control. 


Can you afford to produce radio assemblies without volume control insurance? Сап you risk 
consumer, dealer and jobber good will? Сап you willingly assume the cost of servicing out 
in the field? If you are concerned about these things, then you need Volume Control 
Insurance. And here it is: 


Use only those volume controls designed by specialists. They realize that a reliable device is 
more than just a winding, a movable contact and terminals. They test each volume control 
separately for noise tolerance. They snbject samples to continuous wear tests, hour after 
hour, day aíter day, month after month, and study the wear on the wire with powerful 
microscopes. They select resistance wire that will not oxidize, change resistance value, stretch. 


ALL OF WHICH SPELLS THE . - 
WIRE-WOUND VOLUME CONTROL CLAROSTAT 


which provides triple insurance against 
trouble. First, the winding, of special 
wire, cannot slip, shift or change resis- 
tance value. Second, both winding and 
contact are encased in bakelite shell with 
metal end plate, keeping out all dust, dirt 
or moisture. Thirdly, a smooth, positive, 
long-life contact member is employed, 
without causing noticeable wear on even 
the finest wire. 


Please do not confuse this device with 
carbon paper, graphited fibre, or other 
devices the current-handling capacity of 
which is usually insufficient for continu- 
ous, present-day radio circuit use. Do 
ы not confuse it with other wire-woun 
SWITCH TYPE devices, usually avoided because of the 
disagreeable grating, grinding sounds 
made during adjustment. The Wire- 
Wound Volume Control Clarostat turns with a smooth, velvety, really delightful motion. And. 
it is as silent as the Sphinx, even in the most critical, high-gain circuits. 


The Wire-Wound Volume Control is made to meet your exact needs. Special winding 
machines, designed and built by our engineering staff, enable us to wind our bakelite strips 
with anywhere from 8 to 600 turns per lineal inch of length, and with resistance values up to 
50,000 ohins. The strip may be tapered at any portion of its length. The winding may be 
variably spaced. Different sizes of wire may be employed throughout the winding.  There- 
fore, we can supply a volume control to match any resistance curve you may desire. 


Available in the single unit, with or without switch; and in the duo or tandem type, with 
each resistance unit electrically insulated if desired, and adjusted by a single knob. 


And don't overlook another important insurance policy, the Line Ballast Clarostat, which 
provides ideal and uniform operating conditions for your radio assemblies, irrespective of 
fluctuating line voltages. 


WRITE for technical data regarding the Wire-Wound Volume Control Claro- 
stat and the Line Ballast Clarostat. Send your specifications and we 
shall gladly submit samples for your inspection and test. 


Clarostat Manufacturing Company, Inc. 


PX. Specialists in Radio Aids 
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289 North Sixth Street EB Brooklyn, N.Y. 


Unaffected 
by Moisture, 
Temperature 


a 


Bradleyunit Re- 
sistors are fur- 
nished in ratings 
from 500 ohms to 
10 megohms. 
Equipped with 
cadmium plated 
lead wires up to 
6inchesinlength. 
Color coded for 
quick identifica- 


SF 
ALLEN-BRADLEY CO., 282 Greenfield Avenue, Milwaukee, Wis. 


{141% 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


E — 


THE MAGNAVOX 
COMPANY 
Oakland, Calif. & Chicago, Ill. 
PIONEERS AND SPECIALISTS 


IN THE ART OF 
SOUND PRODUCTION. 


DYNAMIC SPEAKERS SINCE 
1911. 


FERRANTI, Inc. 
* 


Consulting Engineers 
Audio Amplification 
Design-Construction-Advice 
* 

130 West 42nd 5., New York 


The J. G. White 
Engineering Corporation 
Engineers—Constructors 


Builders of New York Radio 
Central 


43 Exchange Place New York 


PATENTS 


WM. G. H. FINCH 
Patent Attorney 
(Registered U. S. & Canada) 


Mem. I. В. E. Mem. A. I. E. E. 


303 Fifth Ave. 
Caledonia 5331 


New York 


Radio 


Engineers 


Your card on this professional card page will give 


you a direct introduction to over 7,000 technical 


men, executives, and others with important radio 


interests. 


Per Issue—$10.00 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 


LII 


Alphabetical Index to Advertisements 


A 
:Aerovox Wireless Corp. ...... XXXIII 
;Allen-Bradley Co. ................ LII 
‘American Transformer Co. ....XXIV 
jAmerican Tel. & Tel. Co. ........ XV 


‘Arcturus Radio Tube Co. ......XLIX 


С 


Cardwell, Allen D., Mfg. Corp. ..XLV 
‘Central Radio Laboratories ..... XXVI 


‘Clarostat Mfg. Co., Inc. ........... ПЕТ 

Kohn Sigmund a. renar a eE LVI 

‘Condenser Corp. of America ...... XL 

‘Continental Carbon Inc. ........ LVII 

‘Cornell Electric Co. ........... XXIII 

Corning Glass Works ....... XXXVII 
D 


:‘Dudlo Manufacturing Co. ....X XVIII 


| Е 
еса. ХХІ 
Electric Specialty Co. ...... XXXVIII 
[теу Raytheon Co. ......... XIX 
{ 

f F 

Formica isula tion оо ПЕ 
ОВ ЕНЕНЕ ILE Say c айз ХХХ 
і 

i 

{ 

} С 


Сепега1 Radio Со., Outside Back Cover 
Grebe, A. H., and Co., Inc. . 
Y ara ert л А, Inside Back Cover 


International Resistance Co. ..XX XIV 
і 


Ј 


Jefferson Elestrics Со. XLIV 
Jewell Electrical Instrument Co. XLIII 


N 
National Vuleanized Fibre Co. .. XXV 


О 

Operadio Mfg. Co. .......,...XXXVI 
P 

Pacent Electric Con Inc. ......... XVI 


Polymet Manufacturing Corp. ..XVII 
Professional Engineering Directory 


ee Te LIII 
R 

Radio Engineering Laboratories. .X XII 

Radio Receptor Co. ............ XLVI 

Roller-Smith Go. .............. XVIII 

Rome Wire Co.......... ХИ 
S 

Scientific Radio Service ........ LVIII 

Scovill Manufacturing Co. ...... XXIX 

Shakeproof Lock Washer Co... X XXIX 

Silver Marshal е XX 
T 

Thermal Syndicate, Ltd. ......X XVII 

Thordarson Electric Co. ......... XIII 


Transformer Corp. of America. X XXV 


Ww 
Wireless Specialty Apparatus Co.. XIV 


; = - 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 


— 


GILBY FILAMENT WIRE 
AND SELVAGE MESH 
for Berrer Tuses! 


SELVAGE MESH a comparatively late 
development has taken the field by storm. 
The solid even edges simplify welding and 
this screen material in which the mesh is 
interlocked is rigid and rugged beyond belief. 
It may, be supplied accurately within .005 
plus or minus as specified. Its use will cut 
production shrinkage and lend a more finished appearance 
to your product. One customer says “So far as we are con- 
cerned this Gilby Selvage Mesh represents the difference be- 
tween producing 224’s and not producing them.” This Selvage 
Mesh has proven itself so valuable that it is being widely 
imitated. In fairness to all concerned we give notice that our 
rights will be vigorously defended. Patent applications fully 
cover both the material itself and the tube of which it is a part. 


FILAMENT WIREC-—A tube is no better than its filament. 
There is no filament better than Gilby. Gil- 
by Filament Wire has long been recognized 
as the Superior Product. Its uniformity, ac- 
curacy and long life is readily testified to by 
tube manufacturers. 


We would appreciate inquiries and an opportunity to 
co-operate with your staff. Samples of Filament 
Wire and Selvage Mesh on request. Resistance and 
Ballast Wires too! 


GILBY WIRE COMPANY 
Wilbur B. Driver, President á 
NEWARK, NEW JERSEY б 


When writing to advertisers mention of the Procerpincs will be mutually helpful. 
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STUDY the Quality of this LAMENT 
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For Radio Tubes 
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~ Free from Surface Impurities ж“ Accurate 
Correctly Spooled | d Uniform size, weight 


and resistance 
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SIGMUND COHN 


44 Gold Street New York 


When writing to advertisers mention of the PRocEEDINGS will be mutually helpful. 
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Continental Resistors 


2% 
2 Watts 
LO 
314 Watts 
5 Watts CHARACTERISTICS: 
NOISELESS 


RESISTANCE CONSTANT | | 
SMALL TEMPERATURE COEFFICIENT 


RUGGED 
FIRMLY SOLDERED TERMINALS 
DEPENDABLE 
COLOR CODED 
IM D2 
a \ eee S| hk Ше 
|| enn | 
F3 
I 
1 Watt 34 Watt 16 Watt 


Write for Information and Prices 


CONTINENTAL CARBON INC. 
WEST PARK, CLEVELAND, OHIO 


When writing to advertisers mention of the PROCEEDINGS will be mutually helpful. 
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Piezo Electric Crystals and 
Constant Temperature Equipment 


Piezo Electric Crystals: 


We are prepared to grind Piezo Electric Crystals for 
POWER use to your assigned frequency in the 550 to 1500 
KC band, accurate to plus or minus 500 cycles for $55.00 fully 
mounted. Crystals for use in the HIGH FREQUENCY 
BROADCAST BAND (4000 to 6000 KC) for POWER use, 
accurate to plus or minus .03% of your assigned frequency, 
fuly mounted, $85.00. In ordering please specify type of 
tube used, plate voltage and operating temperature. All 
crystals guaranteed with respect to output and accuracy of 
frequency. Deliveries can be made within three days after 
receipt of order. 


Constant Temperature Equipment 


In order to maintain the frequency of your crystal controlled 
transmitter to a high degree of constancy, a high grade tem- 
perature control unit is required to keep the temperature of 
the crystal constant. Our unit is solving the problem of 
keeping the frequency within the 50 cycle variation limits. 
Our heater unit maintains the temperature of the crystals 
constant to BETTER THAN А TENTH CF ONE DE- 
GREE CENTIGRADE; is made of the finest materials 
known for each specific purpose and is absolutely guaran- 
teed. Price $250.00. Further details sent upon request. 


Low Frequency Standards: 


We have a limited quantity of material for grinding low fre- 
quency standard crystals. We can grind them as low as 
15,000 cycles. "These crystals will be ground to your speci- 
fied frequency accurate to ONE HUNDREDTH OF ONE 
PER CENT. Prices quoted upon receipt of your specifica- 
tions. 


Scientific Radio Service 


“The crystal specialists” 


P. O. Box 86 Dept. R6 Mount Rainier, Md. 


When writing to advertisers mention of the ProcEEDINGs will be mutually helpful. 
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<GREBE 
; й SELECTIVITY 
A SENSITIVITY 


i | 


Measurements of band width at 1400 K.C.—average microvolt per meter input 
at 1400—1000—600 K.C. and total decibels audio amplifier loss relative to 
500 cycles (at 60 and 5000 cycles) form the basis for a comparison with 20 sets 
measured for the same qualities. The Grebe measured +3 К.С. width at 1400 К.С. 
with 100 times input. It measures an average of 1.75 microvolts per meter input 
for standard output and it shows a total loss of 5.5 D. B. (4.5 D. B. at 60 
cycles and 1 D. B. at 5000 cvcles) from detector to voice coil. Translated in the 
new Grebe rating in % this respectively gives 93, 88 and 82%. The equation for 
selectivity rating is — ы = Sensitivity 1—26 log (S). Audio er UE 
band width. 30 


Gre 


e ; 
SUPER- SYNCHROPHASE ONU) 


A. Н. GREBE & CO. ING, Richmond Hill, N. Y. 
Western Brauch: 443 So. San Pedro Street, Los Angeles, California 


Temperature-Control Boxes 


Type 547-A Temperature Control Box 


TEMPERATURE-CONTROL 

box worthy of the name must 
maintain its temperature within 
specified limits over a wide variation 
in the temperature of the room in 
which it operates. General Radio 
temperature-control devices will re- 
main within their specified limits for 
room temperature variations of 
-Е20 degrees F., a range of 40 de- 
grees. They are practically inde- 
pendent of the weather and the jani- 
tor’s ability to keep constant the 
temperature of the operating room. 
The TYPE 547 Temperature Con- 
trol Boxes are made in the two types 
listed above but the second one is 
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GENERAL RADIQ 


FOR MEASURING ELEC- 
TRICAL QUANTITIES AT 
ALL FREQUENCIES 


TYPE 547-A 


Controls to 0.1 degrees C. 


Mercury-type — thermoregula- 
tor, adjustable for any operating 
temperature between 40 degrees 
and 60 degrees C. 


Price $150.00. 


TYPE 547.B 


Controls to 1.0 degrees C. 

Bi-metallic-type thermoregula- 
tor, adjustable while operating 
for any temperature between 40 
degrees and 60 degrees C. 


Price $150.44. 


recommended only for use where it 
is necessary to adjust the operating 
temperature while the unit is in 
operation. 

Both are encased in walnut cab- 
inets within which are arranged (in 
order) a balsa wood insulating layer, 
the heaters (on all six faces), an 
aluminum distributing layer, an as- 
bestos pressboard attenuation layer, 
and a second casing of aluminum 
which forms the temperature-con- 
trolled chamber. 


GENERAL RADIO COMPANY 


CAMBRIDGE A, MASSACHUSETTS 
British Branch: 76 Old Hall Strect, Liverpool 


INSTRUMENTS 


STANDARD AND SPECIAL 
ITEMS FOR LABORATO- 
RY AND INDUSTRIAL USE 


GEORGE BANTA PUBLISHING COMPANY; MENABHA, WISCONBIN 


